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1.  INTRODUCTION 


l.l  Purpose  Of  Report 

This  Air  Quality  Technical  Report  presents  the  detailed  methodology  used  in  the  air  quality 
impact  analysis  conducted  for  the  BART-San  Francisco  Airport  Extension  Draft 
EIR/Supplemental  Draft  EIS.  In  addition,  this  report  is  intended  to  serve  as  the  complete  project- 
specific  conformity  analysis  pursuant  to  United  States  Environmental  Protection  Agency  (EPA) 
conformity  regulations  at  40  CFR  93  (EPA,  1993d),  Metropolitan  Transportation  Commission 
(MTC)  Resolution  No.  2270  (MTC,  1991a),  including  appendices,  and  the  associated  Project 
Sponsor  Guidance  and  Checklist  for  Carbon  Monoxide  Analysis  Performed  for  Conformity 
Assessment  for  Transportation  Projects  (MTC  1991b). 


1.2  Organization  Of  Report 

This  report  is  organized  in  six  sections,  followed  by  a series  of  attachments.  The  air  quality 
impact  significance  criteria  established  for  the  project  are  identified  in  Section  2,  which  also 
includes  a discussion  of  the  criteria  for  demonstration  of  conformity  for  a transportation  project. 
Sections  3 and  4 present  the  methodology  for  estimation  of  construction  impacts  and  regional  air 
quality  impacts,  respectively.  Section  5 discusses  the  local  carbon  dioxide  (CO)  impact  analysis; 
it  describes  the  technical  approach  in  relation  to  EPA  microscale  CO  modeling  guidance,  and 
also  includes  the  information  requested  by  the  MTC  in  the  conformity  guidance  document  for 
Resolution  No.  2270.  References  are  included  as  Section  6.  Attachments  follow  Section  6. 
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2.  NEPA/CEQA  AIR  QUALITY  SIGNIFICANCE  CRITERIA  AND  PROJECT 
CONFORMITY  REQUIREMENTS 


2.1  NEPA/CEQA  Significance  Criteria 

The  BART-San  Francisco  Airport  Extension  Draft  EIR/Supplemental  Draft  EIS  has  been 
prepared  pursuant  to  the  California  Environmental  Quality  Act  (CEQA)  and  the  National 
Environmental  Policy  Act  (NEPA).  This  legislation  requires  project  sponsors  to  prepare  a 
document  that  describes  the  potential  effects  of  the  project,  particularly  those  considered 
“significant.”  This  section  presents  the  significance  criteria  for  the  air  quality  effects  of  the 
project. 

The  Bay  Area  Air  Quality  Management  District  (BAAQMD)  significance  criteria  for  a project  or 
plan  are  defined  in  Air  Quality  and  Urban  Development  - Guidelines  for  Assessing  Impacts  of 
Projects  and  Plans  (BAAQMD,  1985;  revised  1991).  Significance  criteria  for  this  project  have 
been  adapted  from  the  BAAQMD  criteria,  based  on  discussions  with  the  BAAQMD  and  the 
Metropolitan  Transportation  Commission  (MTC),  to  more  closely  relate  to  the  current  regulatory 
framework. 

Significance  criteria  are  defined  for  the  following  pollutants:  ozone  precursors  (oxides  of 
nitrogen  (NOx)  and  reactive  organic  gases  (ROG)),  particulate  matter  less  than  ten  microns  in 
diameter  (PM10),  carbon  monoxide  (CO),  sulfur  dioxide  (S02),  and  nitrogen  dioxide  (N02).  For 
the  proposed  project  alternatives,  air  quality  impacts  will  be  considered  significant: 

• For  non-photochemically  reactive  pollutants  (CO  and  PM10),  if  project-specific  emissions 
cause  ambient  air  levels  which,  when  added  to  background,  result  in  a violation  of  a state 
or  federal  ambient  air  quality  standard. 

• For  nonattainment  pollutants  (CO,  O3,  and  PMjo),  if  the  net  increase  in  regional 
emissions  due  to  the  project  exceeds  the  applicable  BAAQMD  threshold  in  effect  at  the 
time  of  project  approval.  The  threshold  represents  the  level  above  which  the  BAAQMD 
requires  the  use  of  best  available  control  technology  (BACT)  and/or  the  provision  of 
offsetting  emission  reductions  in  order  to  obtain  a permit  for  a new  or  modified  stationary 
source.  While  not  specifically  applicable  to  transportation  projects,  this  level  represents 
the  most  conservative  (lowest)  emission  level  that  could  be  considered  significant  for 
nonattainment  pollutants.  For  O3,  the  numerical  emission  offset  threshold  is  applied  to 
precursors  measured  as  oxides  of  nitrogen  (NOx)  and  reactive  organic  gases  (ROG). 

• For  attainment  pollutants  (N02  and  S02),  if  the  net  increase  in  emissions  due  to  the 
project  exceeds  150  lbs/day,  the  level  established  by  the  BAAQMD  (1985). 

Table  2-1  shows  the  numerical  values  associated  with  these  significance  criteria. 
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Table  2-1 

BAAQMD  Attainment  Status  and  EIR  Significance  Thresholds 


BAAQMD  Air  Basin 

BAAQMD 

Pollutant 

Federal 

Status**) 

State 

Status*1* 

Emission 
Offset  or  BACT 
Threshold*2) 

Net  Increase 
Threshold*3) 

Ozone*4) 

Nonattainment 

Nonattainment 

NOx  (ozone 
precursor) 

- 

- 

10  lbs/highest  day 
1 5 ton/year 

NA 

ROG  (ozone 
precursor) 

— 

— 

10  lbs/highest  day 
1 5 ton/year 

NA 

PM|0 

Attainment 

Nonattainment 

10  lbs/highest  day 
1 ton/year 

NA 

CO 

Nonattainment 

Nonattainment 

10  lbs/highest  day 

NA 

so2 

Attainment 

Attainment 

NA 

150  lbs/day 

no2 

Attainment 

Attainment 

NA 

150  lbs/day 

1 ) Attainment  indicates  that  the  ambient  air  quality  in  the  region  has  attained  (is  below)  the  applicable  federal  or  state 
ambient  air  quality  standard.  Nonattainment  indicates  that  the  air  quality  in  the  region  does  not  attain  (is  worse  than) 
the  applicable  standard. 

2)  Threshold  is  applied  to  the  regional  net  increase  in  nonattainment  pollutants;  NA  or  Not  Applicable  for  others.  See 
significance  criteria  description. 

3)  Threshold  is  applied  to  attainment  pollutants;  NA  for  others. 

4)  Thresholds  apply  to  the  ozone  precursors,  oxides  of  nitrogen  (NOx)  and  reactive  organic  gases  (ROG). 


2.2  Air  Quality  Conformity  Requirements 

The  1990  Clean  Air  Act  (42  USC  7506)  provides  the  current  framework  for  air  conformity, 
defining  conformity  (of  a plan,  program,  or  project)  to  a State  Implementation  Plan  (SIP)  to 

mean: 


“Conformity  to  an  implementation  plan’s  purpose  of  eliminating  or  reducing  the  severity 
and  number  of  violations  of  the  national  ambient  air  quality  standards,  and  achieving 
expeditious  attainment  of  such  standards...  .” 
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2.2.1  The  Bay  Area  Air  Quality  Plan  and  the  MTC  Resolutions  on  Conformity 

The  BAAQMD  is  the  primary  local  agency  responsible  for  implementation  and  enforcement  of 
state  and  federal  air  quality  requirements.  Federal  enforcement  responsibility  is  the  result  of 
United  States  Environmental  Protection  Agency  (EPA)  approval  of  the  1982  Bay  Area  Air 
Quality  Plan  (referred  to  as  1982  Plan),  also  known  as  the  State  Implementation  Plan  or  SIP, 
which  describes  how  the  BAAQMD  will  implement  federal  air  quality  requirements.  The  1982 
Plan  contains  specific  conformity  provisions  with  regard  to  transportation-related  actions, 
specifying  the  conditions  under  which  transportation  plans,  programs,  and  projects  will  be 
considered  in  conformity  with  the  1982  Plan  and  the  Clean  Air  Act. 

As  the  regional  transportation  planning  organization  for  the  Bay  Area,  the  MTC  is  responsible 
for  establishing  that  the  Bay  Area  Regional  Transportation  Improvement  Program  (TIP)  (MTC, 
1993b)  and  Regional  Transportation  Plan  (RTP)  (MTC,  1993c)  conform  with  the  SIP.  In 
November  1990,  amendments  to  the  Clean  Air  Act  (described  below)  were  passed  that  provided 
new  direction  for  reviewing  air  quality  effects  of  transportation  projects.  In  April  1991,  the  MTC 
adopted  Resolution  No.  2270  (MTC,  1991)  in  order  to  comply  with  new  amendments.  The 
objective  of  Resolution  No.  2270  is  to  ensure  that  the  air  quality  effects  of  the  project  conform  to 
the  SIP,  and  to  ensure  that  the  project  is  consistent  with  transportation  control  measures.  The 
resolution  contains  two  key  appendices:  Conformity  Assessment  Procedures,  which  the  MTC  has 
used  to  establish  that  the  TIP  and  RTP  are  in  conformity  with  the  1982  Plan  and  the  Clean  Air 
Act;  and  Criteria  for  Project  Conformity,  which  establishes  the  criteria  and  conformity 
assessment  procedures  for  individual  transportation  projects.  Further,  in  response  to  the 
requirements  of  the  EPA  conformity  regulation  (discussed  below),  the  MTC  has  prepared  and 
submitted  to  the  EPA  the  San  Francisco  Bay  Area  Transportation  Conformity  Procedures 
(MTC,  1994).  These  conformity  procedures  will  supersede  Resolution  2270  and  conformity 
procedures  contained  in  the  1982  Plan  upon  approval  by  the  EPA  for  inclusion  into  the  SIP. 

In  accordance  with  the  1982  Plan  and  Resolution  No.  2270,  the  MTC  criteria  for  project-level 
conformity  are: 


• The  project  must  be  included  in  a plan  or  program  (i.e.,  a TIP  or  RTP)  that  has  been 
found  to  conform; 


• The  project  must  eliminate,  or  reduce  the  severity  and  number  of,  violations  of  the  CO 
standard  in  the  area  substantially  affected  by  the  project;  and 


• The  project  must  be  consistent  with  the  1982  Plan. 

MTC  Resolution  No.  2270,  Appendix  B,  establishes  specific  conformity  assessment  procedures 
to  be  applied  to  transportation  projects  in  order  to  assess  their  conformity  with  the  1982  Plan. 

2.2.2  EPA  Conformity  Regulations 

Section  176(c)  of  the  Clean  Air  Act  specifies  that  no  federal  agency  may  support  a federal  action 
and/or  federally-funded  activity  that  does  not  conform  to  the  applicable  state  implementation 
plan.  Section  176(c)  also  includes  “interim”  requirements  regarding  conformity  for 
transportation  projects,  plans,  and  programs,  and  essentially  precludes  federal  action  on 
non-conforming  projects,  plans,  or  programs.  The  Clean  Air  Act  also  requires  that  the  EPA 
develop  rules  to  ensure  that  federal  actions  conform.  In  1991,  the  Department  of  Transportation 
(DOT)  and  the  EPA  issued  guidance  for  determining  conformity  of  transportation  plans, 
programs,  and  projects  based  on  the  Section  176(c)  language. 
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In  late  1993,  the  EPA  promulgated  final  rules  for  determining  conformity  of  transportation  plans, 
programs,  and  projects.  The  requirements  of  40  CFR  Part  93  (Determining  Conformity  of 
Federal  Actions  to  State  or  Federal  Implementation  Plans ) Subpart  A (Conformity  to  State  or 
Federal  Implementation  Plans  or  Transportation  Plans,  Programs,  or  Projects  Developed, 
Funded,  or  Approved  under  Title  23  USC  or  the  Federal  Transit  Act)  govern  the  conformity 
assessment  for  this  project.  These  EPA  regulations  specify  the  requirements  for  project 
conformity,  and  specify  provisions  that  are  applicable  prior  to  promulgation  and  EPA  approval 
of  local  implementing  rules  as  part  of  upcoming  BAAQMD  revisions  to  the  SIP.  The  SIP 
revisions  are  required  to  specify  how  the  BAAQMD  will  implement  the  40  CFR  93  conformity 
requirements  (among  other  issues);  EPA  approval  of  the  upcoming  MTC/BAAQMD  conformity 
provisions  of  the  SIP  revision  will  result  in  formal  delegation  of  regulating  authority. 

In  order  to  be  found  to  conform  under  EPA  conformity  regulations: 

• The  transportation  project  must  come  from  a conforming  transportation  plan  and  program 
(i.e.,  a TIP  and  RTP  that  have  been  found  to  conform); 

• The  transportation  project  must  eliminate,  or  reduce  the  severity  and  number  of,  localized 
violations  of  the  CO  ambient  air  quality  standard  in  the  area  substantially  affected  by  the 
project.  Procedures  for  determining  the  localized  CO  concentrations,  or  “hot  spots,”  state 
that  CO  hot  spots  analysis  must  be  completed  using  air  quality  models  and  procedures 
recommended  by  the  EPA,  as  appropriate;  and 

• The  transportation  project  must  not  cause  or  contribute  to  any  new  localized  PM10 
violations  or  increase  the  frequency  or  severity  of  existing  PM10  violations  in  PMI0 
nonattainment  areas.  Quantitative  PM10  impact  analysis  is  required  in  some  cases; 
however,  this  requirement  will  not  take  effect  until  the  EPA  releases  formal  modeling 
guidance  for  PMI0  impact  analysis  in  the  Federal  Register.  At  the  time  of  this  writing,  the 
EPA  has  neither  designated  the  Bay  Area  as  nonattainment  for  PMI0  nor  issued  PMI0 
modeling  guidance,  and  therefore  the  air  quality  analysis  for  this  project  need  not  include 
quantitative  PM,0  impact  analysis  and  this  criterion  does  not  apply. 

With  regards  to  the  first  criterion,  the  MTC  has  determined  that  the  TIP  and  RTP  conform  with 
the  1982  Plan  and  the  federal  Clean  Air  Act.  The  BART-San  Francisco  Airport  Extension  is 
included  in  the  RTP  and  fiscal  year  (FY)  1992-1996  TIP.  The  MTC  has  made  findings  of 
conformity  for  the  RTP  and  TIP  in  relation  to  the  1982  Plan  (MTC  Resolution  Nos.  2339  and 
2333,  respectively).  The  EPA  and  the  DOT  determined  on  November  14,  1991  that  the  RTP  and 
TIP  conform  as  required.  Therefore,  the  BART  build  alternatives  come  from  a plan  and  program 
that  have  been  found  to  conform. 

To  address  the  second  criterion  for  BART  project-specific  conformity,  CO  hot  spots  analysis  has 
been  conducted  to  evaluate  localized  CO  impacts.  To  determine  if  each  project  alternative  meets 
the  conformity  criteria  of  reducing  the  number  and  severity  of  local  CO  violations,  impacts 
estimated  for  each  BART  build  alternative  are  compared  to  those  estimated  under  the  No  Build 
Alternative,  for  the  analysis  years  1998,  2000,  and  2010,  which  represent  years  when  BART  will 
be  in  operation.  Although  the  California  Environmental  Quality  Act  (CEQA)  requires  an 
analysis  of  the  project  superimposed  on  base  year  conditions  (1993),  conformity  analysis 
considers  only  those  analysis  years  in  which  the  proposed  project  will  be  in  operation.  In  those 
instances  where  no  CO  violations  are  predicted  under  the  No  Build  Alternative,  if  there  are  also 
no  CO  violations  under  build  conditions,  then  the  project  satisfies  this  criterion.  This  policy 
position  is  provided  by  the  EPA  in  the  preamble  to  the  final  EPA  conformity  rule  (EPA,  1993). 
MTC  Resolution  No.  2270  contains  similar  language,  allowing  a positive  project-level 
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conformity  determination  if  there  are  no  violations  predicted  under  either  the  No  Build  or 
corresponding  build  alternatives  in  any  future  planning  year. 

Local  CO  and  PM10  hot  spot  analyses  are  specifically  not  required  to  consider  “temporary” 
construction-related  activities  per  40  CFR  93.131,  where  temporary  is  defined  as  five  years  or 
less.  BART  does  not  anticipate  that  construction  activities  will  exceed  a five-year  duration  at 
any  individual  location  along  the  project  corridor.  Therefore,  construction-related  impacts  are 
evaluated  in  the  DEIR/SDEIS  document  as  a CEQA/NEPA  issue  only,  and  the  findings  are 
unrelated  to  the  conformity  determination. 
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3.  ANALYSIS  OF  CONSTRUCTION  IMPACTS 


This  section  outlines  the  methodology  and  results  of  the  analysis  for  potential  air  quality  impacts 
related  to  BART  construction  activities. 


3.1  Methodology 

Emissions  associated  with  construction  activities  for  the  BART  build  alternatives  have  two  main 
sources.  The  first  source  is  fuel  combustion  by  the  construction  equipment,  which  generates 
exhaust  emissions  of  carbon  monoxide  (CO),  sulfur  oxides  (SOx),  oxides  of  nitrogen  (NOx), 
reactive  organic  gases  (ROG)  and  particulate  matter.  The  second  source  is  fugitive  dust 
emissions  from  land  disturbance  (e.g.  excavation  and  grading)  and  truck  movement. 

For  each  BART  build  alternative,  specific  information  regarding  the  projected  construction 
equipment  fleet  (types  of  equipment,  number  of  units  of  each  equipment  type,  and  total  hours  of 
operation)  was  obtained  from  Appendix  F of  Preliminary  Construction  Scenario  Report  (Bay 
Area  Transit  Consultants  (BATC),  1993).  In  some  alternatives,  more  than  one  construction 
option  was  evaluated.  For  each  type  (piece)  of  equipment,  emission  factors  were  obtained  either 
from  Compilation  of  Air  Pollution  Emission  Factors,  AP-42,  Volume  11  (EPA,  1985),  or  from 
South  Coast  Air  Quality  Management  District  CEQA  Air  Quality  Handbook  (SCAQMD,  1993). 
The  latter  document  references  Non-Road  Engine  and  Vehicle  Emission  Study  (EPA  1991).  All 
construction  equipment  was  assumed  to  be  diesel-fired;  this  is  a conservative  (worst-case) 
assumption,  since  emissions  from  diesel-fired  equipment  are  greater  than  those  from  gasoline-  or 
electricity-powered  equipment. 

Attachment  A contains  a listing  of  the  equipment  fleet,  hours  of  operation,  emission  factors, 
horsepower  rating,  and  load  factors  assumed  for  each  BART  build  alternative.  Emissions  from 
equipment  with  known  horsepower  rating  were  calculated  from: 

E,  = LF  x HP  x h x EF,  ^ ^ 

where: 

E,  = emissions  of  pollutant  i (lbs); 

LF  = equipment  load  factor  (dimensionless); 

HP  = equipment  horsepower  rating  (hp); 

h = hours  of  operation  (hr);  and 
EF(  = emission  factor  for  pollutant  i (lbs/HP-hr). 

When  the  horsepower  rating  was  not  provided,  equipment  emissions  were  calculated  by: 

E,  = LF  x h x EF,  ^_2) 

where: 

E(  = emissions  of  pollutant  i (lbs); 

LF  = equipment  load  factor  (dimensionless); 

h = hours  of  operation  (hr);  and 
EF,  = emission  factor  for  pollutant  i (lbs/hr). 
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Emissions  of  each  pollutant  were  summed  across  all  pieces  of  equipment;  the  totals  represent  the 
pollutant  emissions  over  the  entire  construction  period.  In  order  to  estimate  emissions  on  a 
pounds-per-day  (lb/day)  and  tons-per-year  (ton/yr)  basis,  the  construction  schedules  provided  in 
the  BATC  report  were  reviewed.  Based  on  that  information,  an  actual  construction  period 
(excluding  bid  package  preparation,  review,  etc.)  of  25  months  was  assumed  for  each  alternative. 

Fugitive  dust  emissions  were  estimated  for  each  project  alternative  as  follows.  The  total  acreage 
in  the  project  corridor  that  would  be  disturbed  during  construction  was  determined  from  the 
BATC  report.  The  corridor  width  was  estimated  to  be  80  feet;  this  represents  an  average  value 
over  the  length  of  the  corridor,  and  was  assumed  for  all  alternatives.  The  total  acreage  disturbed 
during  construction  was  calculated  by  multiplying  this  estimated  width  by  the  length  of  the 
alignment  for  each  project  alternative.  Conservatively,  it  was  assumed  that  the  total  comdor 
acreage  would  be  disturbed  during  the  entire  construction  period.  While  this  assumption  likely 
overestimates  emissions,  review  of  the  BATC  construction  schedules  shows  that  the  different 
phases  of  construction  overlap,  and  that  there  is  some  activity  along  the  entire  corridor  during  the 
entire  construction  period.  An  emission  factor  for  total  particulate  matter  of  1.2  tons/acre/month 
was  assumed,  which  is  the  standard  emission  factor  accounting  for  grading  and  excavation  types 
of  activities  for  construction  projects  provided  by  the  United  States  Environmental  Protection 
Agency  (EPA,  1985).  Particulate  matter  less  than  10  microns  in  diameter  (PM10)  was  assumed  to 
be  50  percent  of  total  particulate  matter  (EPA,  1985).  Further,  an  emissions  reduction  was 
included  to  account  for  the  standard  practice  of  watering  the  active  construction  area;  watering  is 
assumed  to  have  a 50  percent  control  efficiency  (SCAQMD,  1993).  Fugitive  PM10  emissions 
were  then  determined  from: 

EpM10  =EFTSPx/pM|0  x Ax  77x12  (3  3) 

where: 

EPMio  = fugitive  PM10  emissions  (ton/yr); 

EFtsp  = total  particulate  emission  factor  (ton/acre/mo); 

/pmI()  = PM  10  fraction  (dimensionless); 

A = corridor  area  (acre); 

rj  - watering  control  efficiency  (dimensionless);  and 

12  = conversion  factor  (mo/yr). 


3.2  Results 

Table  3-1  shows  the  estimated  construction  equipment  exhaust  emissions  and  fugitive  PM10 
emissions  for  each  BART  alternative.  Emissions  of  ROG,  NOx,  and  PM10  exceed  the 
significance  thresholds  presented  in  Table  2-1  under  all  construction  scenarios.  Therefore, 
construction  emissions  are  a significant  impact  of  each  BART  build  alternative. 
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Table  3-1 

Estimated  Total  Construction  Emissions 


Emissions  (lb/day) 


Alternative 


Equipment  Fugitive  Total 
CO  ROG  NOx  SOx  PM10  PM)0  PM,0 


Proposed  Project  — Locally  Preferred  Alternative  (LPA)  236 

1-380  Least-Cost  Design  Option  235 

Alternative  1 — No  Build  Alternative  NA 

Alternative  II  — Transportation  System  Management  (TSM)  NA 

Alternative  III  — BART  to  Airport  Intermodal  (Base  Case)  233 

Alternative  IV  — Airport  Aerial  East  of  Highway  101 

with  Downtown  San  Bruno  Station  294 

with  aerial  I-380/San  Bruno  Station  296 

Alternative  V — Minimum  Length  Subway  to  Millbrae  Station 

with  Tanforan  Station  25 1 

with  I-380/San  Bruno  Station  236 

with  Downtown  San  Bruno  Station  450 

Design  Option  V-A  — Minimum  Length  Subway  to  Airport  GTC 

with  I-380/San  Bruno  Station  346 

with  Downtown  San  Bruno  Station  350 

Design  Option  V-B  — Minimum  Length  Subway  to  San  Bruno 

with  I-380/San  Bruno  Station  205 

with  Downtown  San  Bruno  Station  228 

Alternative  VI  — Millbrae  Avenue  via  the  Airport  International  Terminal 
with  tunnel  option  560 

with  relief  track  ' 492 


Proposed  Project  — Locally  Preferred  Alternative  (LPA)  42.5 

1-380  Least-Cost  Design  Option  42.2 

Alternative  I — No  Build  Alternative  NA 

Alternative  II  — Transportation  System  Management  (TSM)  NA 

Alternative  III  — BART  to  Airport  Intermodal  (Base  Case)  42.0 

Alternative  IV  — Airport  Aerial  East  of  Highway  101 

with  Downtown  San  Bruno  Station  52.9 

with  aerial  I-380/San  Bruno  Station  53.2 

Alternative  V — Minimum  Length  Subway  to  Millbrae  Station 

with  Tanforan  Station  45.2 

with  I-380/San  Bruno  Station  42.4 

with  Downtown  San  Bruno  Station  80.9 

Design  Option  V-A  — Minimum  Length  Subway  to  Airport  GTC 

with  I-380/San  Bruno  Station  63. 1 

with  Downtown  San  Bruno  Station  62.2 

Design  Option  V-B  — Minimum  Length  Subway  to  San  Bruno 

with  I-380/San  Bruno  Station  37.0 

with  Downtown  San  Bruno  Station  41.1 

Alternative  VI  — Millbrae  Avenue  via  the  Airport  International  Terminal 
with  tunnel  option  100.7 

with  relief  track  88.6 


55  573  48 

53  542  46 

NA  NA  NA 

NA  NA  NA 

53  545  47 

66  682  58 

66  686  58 

58  610  52 

55  591  50 

103  1,147  98 

76  768  65 

77  779  67 

48  509  43 

53  569  48 

116  1,123  97 

106  1,060  91 

Emissions  (toi 


9.9  103.1  8.7 

9.5  97.6  8.3 

NA  NA  NA 

NA  NA  NA 

9.5  98.2  8.4 

11.8  122.8  10.4 

11.9  123.4  10.5 

10.5  109.8  9.4 

10.0  106.4  9.1 

18.5  206.5  17.7 

13.8  140.2  12.0 

13.7  138.2  11.8 

8.7  91.7  7.7 

9.6  102.4  8.7 

20.9  202.2  17.4 

19.1  190.8  16.3 


45  1,222  1,267 

42  1,202  1,244 

NA  NA  NA 

NA  NA  NA 

43  1,181  1,224 

53  1,359  1.412 

53  1,359  1,412 

48  1,317  1,365 

47  1,317  1,363 

90  1,317  1,407 

60  1,425  1,485 

60  1,425  1,486 

40  1,094  1,134 

45  1,094  1,138 

86  1,453  1,538 

82  1,447  1,528 


8.1  219.9  228.0 

7.6  216.4  224.0 

NA  NA  NA 

NA  NA  NA 

7.7  212.6  220.3 

9.5  244.7  254.2 

9.5  244.7  254.2 

8.6  237.0  245.6 

8.4  237.0  245.4 

16.2  256.6  272.8 

10.8  256.6  267.4 

10.7  196.9  207.6 

7.2  196.9  204.1 

8.0  196.9  204.9 

15.4  261.5  276.9 

14.7  260.4  275.1 


Notes: 

1 ) NA  means  not  applicable;  there  is  no  construction  associated  with  the  No  Build  and  TSM  Alternatives. 


4.  ANALYSIS  OF  REGIONAL  AIR  QUALITY  IMPACTS 


4.1  Methodology 


Regional  air  quality  impacts  resulting  from  the  BART  build  alternatives  are  directly  related  to 
changes  in  regional  vehicular  traffic  from  the  No  Build  Alternative.  “Regional”  refers  to  the 
nine-county  Bay  Area  air  basin  under  the  jurisdiction  of  the  Bay  Area  Air  Quality  Management 
District  (BAAQMD).  Regional  vehicular  emissions  are  based  on  estimates  of  peak-hour  vehicle 
miles  traveled  (VMT)  data  supplied  by  the  Metropolitan  Transportation  Commission  (MTC)  in 
conjunction  with  estimates  of  vehicular  pollutant  emissions.  Regional  air  quality  impacts  are 
analyzed  in  the  DEIR/SDEIS  for  1993,  1998,  2000,  and  2010. 


4.1.1  Regional  VMT  Data 

Regional  vehicular  emissions  were  based  on  regional  peak-hour  (the  hour  when  VMT  is  greatest) 
VMT  data  (veh-mi/hr)  for  the  years  1990  and  2010,  as  provided  by  the  MTC  (1993f).  The  MTC 
provided  1990  and  2010  peak-hour  VMT  for  the  proposed  project  and  for  the  No  Build 
Alternative.  Additionally,  the  MTC  provided  2010  (only)  peak-hour  VMT  data  for  the 
Transportation  Systems  Management  (TSM)  Alternative.  These  data  are  included  in 
Attachment  B.  In  a subsequent  conversation,  the  MTC  provided  1990  and  2010  regional  daily 
VMT  data  (veh-mi/day)  for  the  No  Build  Alternative  (MTC,  1994).  Parsons  Brinckerhoff  Quade 
and  Douglas  (PBQ&D),  the  transportation  consultant  on  the  BART-San  Francisco  Airport 
Extension  EIS/EIR,  provided  growth  factors  used  to  derive  VMT  values  for  the  1993,  1998,  and 
2000  analysis  years.  These  data  are  included  in  Attachment  B. 

In  order  to  derive  a complete  set  of  daily  and  peak-hour  VMT  data  for  all  alternatives  and 
analysis  years,  a number  of  assumptions  were  necessary.  First,  the  percent  increase  in  traffic 
between  1990  and  2010  under  the  TSM  Alternative  was  assumed  equal  to  that  under  the  No 
Build  Alternative.  Therefore,  the  1990  peak-hour  VMT  value  for  the  TSM  Alternative  was 
calculated  from: 


PHVMTtsm  1990 


- PHVMTtsm  2010 


„ PHVMTnb  1990 

phvmtnb  2010 


(4-1) 


where: 

PHVMTtsm  ]99o  = peak-hour  VMT  for  the  TSM  Alternative  in  year  1990  (veh-mi/hr); 
PHVMTtsm  2010  = peak-hour  VMT  for  the  TSM  Alternative  in  year  2010  (veh-mi/hr); 
PHVMTnb  1990  = peak-hour  VMT  for  the  No  Build  Alternative  in  year  1990  (veh-mi/hr); 
and 

PHVMTNB  2010  = peak-hour  VMT  for  the  No  Build  Alternative  in  year  2010  (veh-mi/hr). 

Peak-hour  VMT  values  in  the  intervening  years  (1993,  1998,  and  2010)  were  estimated  for  the 
proposed  project,  No  Build  Alternative,  and  TSM  Alternative  using  the  PBQ&D  growth  factors: 
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PHVMT^  v = PHVMT^  1990  x GF, 


(4-2) 


where: 


PHVMT4  = peak-hour  VMT  for  alternative  A in  yeary  (veh-mi/hr); 

PHVMT^  1990  = peak-hour  VMT  for  alternative  A in  year  1990  (veh-mi/hr);  and 
GFV  = growth  factor  for  year  y (dimensionless). 

Discussions  with  the  transportation  consultants  (PBQ&D,  1994d)  resulted  in  a determination  that 
the  VMT  data  would  not  differ  between  BART  build  alternatives  by  more  than  1 to  2 percent, 
which  was  not  considered  significant  for  this  analysis.  Therefore,  all  other  BART  build 
alternatives  were  assumed  to  have  the  same  peak-hour  VMT  values  as  the  proposed  project: 


PHVMTB^  v = peak-hour  VMT  for  BART  build  alternative  BA  in  year  y (veh-mi/hr); 
and 

PHVMTpp  v = peak-hour  VMT  for  the  proposed  project  in  year  y (veh-mi/hr). 

Finally,  daily  VMT  for  each  build  alternative  was  calculated  by  assuming  that  the  ratio  of 
peak-hour  to  daily  VMT  for  that  alternative  is  equal  to  the  ratio  of  peak-hour  to  daily  VMT  for 
the  No  Build  Alternative: 


DVMT,^.  = daily  VMT  for  alternative  A in  yeary  (veh-mi/day); 

PHVMT^.  = peak-hour  VMT  for  alternative  A in  yeary  (veh-mi/hr); 

DVMTnb.v  = daily  VMT  for  the  No  Build  Alternative  in  year  y (veh-mi/day);  and 
PHVMTnb.j  = peak-hour  VMT  for  the  No  Build  Alternative  in  yeary  (veh-mi/hr). 

4.1.2  Vehicular  Pollutant  Emission  Factors 

Vehicular  emissions  factors  for  each  pollutant  were  originally  derived  using  EMFAC7F  Version 

1.0.  As  of  January  1994,  Version  1.0  was  the  most  recent  EPA-approved  vehicular  emission 
model  for  use  in  California.  Unfortunately,  Version  1.0  of  the  program  contained  an  error  in  one 
of  its  data  Files,  resulting  in  erroneous  estimates  of  oxides  of  nitrogen  (NOx)  emissions  in  several 
calendar  years  (CARB,  1994);  the  problem  was  subsequently  corrected  in  EMFAC7F  Version 

1.1.  On  May  3,  1994,  the  EPA  approved  EMFAC7F  Version  1.1,  stating  “during  the  next  three 
months,  EMFAC7F  Version  1 . 1 should  be  the  model  of  choice  for  conformity  vehicle  emissions 
analyses;  EMFAC7F  Version  1 . 1 must  be  used  for  conformity  analyses  begun  after  three  months 
from  today’s  date”  (EPA,  1994a).  Regional  composite  emission  factors  for  the  BART- 
San  Francisco  Airport  Extension  EIS/EIR  were  then  newly  derived  using  Version  1.1,  to  take 
advantage  of  the  corrected  NOx  predictions.  Although  the  data  file  error  affected  only  NOx, 
Version  1 . 1 emission  factors  were  used  for  all  pollutants  for  consistency. 


PHVMT^.  = PHVMTpp  v 


(4-3) 


where: 


(4-4) 


where: 
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EMFAC7F  calculates  pollutant-specific  emission  factors  (g/veh-mi  or  g/trip),  for  different 
“types”  of  emissions,  such  as  hot  start,  cold  start,  and  hot  stabilized  emissions,  for  specific 
vehicular  speeds,  and  for  project-specific  temperature  data  assumptions.  “Composite”  emission 
factors  were  estimated  using  a vehicle  mix  specific  to  the  San  Francisco  Bay  Area  region,  and 
estimates  of  regional  hot  start  and  cold  start  percentages.  The  entire  procedure  is  described  in 
greater  detail  in  Section  5 of  this  technical  report.  Emission  factors  were  derived  for  exhaust 
particulate  matter  (PM),  carbon  monoxide  (CO),  NOx,  and  reactive  organic  gases  (ROG)  (the 
latter  two  pollutants  defined  as  ozone  precursors).  The  EMFAC7F  methodology  assumes  there 
are  no  sulfur  dioxide  (SO2)  emissions  associated  with  vehicular  traffic. 

The  input  assumptions  to  the  emissions  model  were  consistent  with  those  used  by  the  BAAQMD 
and  the  MTC  in  producing  the  vehicular  emissions  budget  which  is  currently  proposed  for 
inclusion  in  the  upcoming  SIP  revision,  and  with  those  used  in  the  most  current  TIP  and  RTP 
(MTC,  1993b).  These  assumptions  and  the  resulting  emission  factors  used  for  each  forecasting 
year  for  the  regional  analysis  for  each  pollutant  are  shown  in  Table  4-1. 

4.1.3  Regional  Emissions  Estimates 

Emissions  associated  with  regional  traffic  were  estimated  using  the  composite  emission  factors 
(g/veh-mi)  in  conjunction  with  the  daily  and  peak-hour  VMT  values  described  above.  Regional 
net  emissions  for  a given  BART  alternative  and  analysis  year  were  calculated  as  the  gross 
emissions  under  the  alternative  in  the  analysis  year  minus  the  gross  emissions  under  existing 
conditions  (the  No  Build  Alternative  in  the  1993  base  year): 

E,  J = DVMT AtyX  EF,  v - D VMT NB  1993  x EF,  ]993  (4.5) 

where: 

F iA  y = net  emissions  of  pollutant  i under  alternative  A in  yeary  (g/day); 

DVMT^  y = daily  VMT  under  alternative  A in  year  y (veh-mi/day); 

DVMTNB  1993  = daily  VMT  under  the  No  Build  Alternative  in  1993  (veh-mi/day); 

EF, = emission  factor  for  pollutant  i in  year  y (g/veh-mi);  and 
EF,- 1993  = emission  factor  for  pollutant  i in  year  y (g/veh-mi). 


4.2  Results 

Table  4-2  shows  regional  daily  and  peak-hour  VMT  and  the  associated  total  vehicular  emissions 
for  the  proposed  project,  No  Build  Alternative,  and  TSM  Alternative  in  each  analysis  year.  As 
noted  above  in  Section  4.1,  regional  daily  and  peak-hour  VMT  values  under  the  BART  build 
alternatives  are  assumed  to  be  equal  to  those  under  the  proposed  project.  Table  4-3  presents  the 
estimated  actual  and  CEQA  net  regional  emissions  under  the  proposed  project;  net  emissions 
under  the  other  BART  build  alternatives  are  assumed  equivalent  to  those  shown  here.  Each  of 
the  BART  build  alternatives  will  result  in  a net  reduction  in  vehicular  traffic  emissions,  and 
therefore  would  have  the  effect  of  improving  air  quality  at  the  regional  level. 
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Table  4-1 

Regional  Composite  Vehicular  Emisson  Factors  (g/mi) 


Pollutant 

1993 

1998 

2000 

2010 

Carbon  monoxide  (CO) 

25.02 

16.17 

13.55 

6.33 

Reactive  organic  gases  (ROG) 

1.69 

1.11 

0.94 

0.42 

Oxides  of  nitrogen  (NOx) 

1.79 

1.32 

1.23 

0.95 

Exhaust  particulates 

0.10 

0.06 

0.06 

0.05 

Notes: 

1 ) Composite  emisson  factors  derived  from  EMFAC7F  Version  1 . 

1 impact  rates. 

2)  Vehicle  mix  from  San  Francisco  Bay  Area  Ozone  Planning  Inventory  reports  (CARB,  1993d). 

3)  Vehicle  speed  equals  25.6  mph. 

4)  Temperature  equals  60°F  for  CO  factors;  75°F  for  all  other  pollutants. 

5)  Summertime  fuel  blend. 

6)  Inspection  and  Maintenance  (I&M)  Program  in  effect. 
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Table  4-2 

Regional  Vehicle  Miles  Traveled 
and  Associated  Air  Emissions 


Alternative 

Year 


Daily  VMT 
(veh-mi/day) 


Estimated  Emissions  (tons/yr) 


CO  NOx  ROG  PM 


Peak-hour  VMT 
(veh-mi/hr) 


Estimated  Emissions  (Ibs/hr) 


CO  NOx  ROG 


PM 


Proposed  Project  - Locally  Preferred  Alternative  (LPA) 


1993 

1998 

2000 

2010 


1 19.973,716  1,207,632 

137,251,189  892,868 

143,228,760  780,784 

153,198,079  390,138 


86,397  81,571  4,827 

72,887  61,291  3,313 

70,876  54,165  3,457 

58,552  25,886  3,082 


Alternative  I - No  Build 


1993 

1998 

2000 

2010 


120,379,907  1,211,720 

137,698,264  895,776 

143,689.980  783,298 

153,682,890  391,373 


86,690  81,847  4,843 

73,125  61,491  3,324 

71,104  54,339  3,468 

58,737  25,968  3,091 


Alternative  II  - T ransportation  Systems  Management  (TSM) 


1993 

1998 

2000 

2010 


119,827,198  1,206,157 

137,074,804  891,721 

143,042,043  779,766 

152,994,128  389,619 


86,292  81.471  4,821 

72,794  61,213  3,309 

70,783  54,094  3,453 

.58,474  25,851  3,078 


8,770,669  483,747 

9,582,651  341,581 

9,863,576  294,627 

10,332,100  144,175 


8,800,406  485,387 

9,613,927  342,696 

9,895,385  295,577 

10,364,797  144,631 


8,759,979  483,157 

9,570,367  341,143 

9,850,741  294,243 

10,318,345  143,983 


34,609  32,675  1,933 

27,884  23,448  1,267 

26,745  20,439  1,305 

21,638  9,566  1,139 


34,726  32,786  1,940 

27,975  23,525  1,272 

26,831  20,505  1,309 

21,706  9,596  1,142 


34,566  32,635  1,931 

27,848  23,418  1,266 

26,710  20,412  1,303 

21,609  9,553  1,137 


Notes: 

1 ) Daily  and  peak-hour  VMT  for  proposed  project.  No  Build  Alternative,  and  TSM  Alternative  provided  by  the  Metropolitan  Transportation  Commission 
(MTC). 

2)  Daily  and  peak-hour  VMT,  and  therefore  emissions,  for  all  build  alternatives  assumed  equal  to  those  for  the  proposed  project. 

3)  Emission  factor  assumptions  (temperature,  season,  vehicle  thermal  states,  speed)  consistent  with  MTC  TIP/RTP. 


Table  4-3 

Proposed  Project  - Locally  Preferred  Alternative  (LPA) 
Net  Regional  Emissions 


Year 

Net  Regional  Emissions 

CO 

NOx 

ROG 

PM10 

Net  Emissions  (tons/yr) 

1993 

(4,089) 

(293) 

(276) 

(16) 

1998 

(318,852) 

(13,803) 

(20,555) 

(1,530) 

2000 

(430,937) 

(15,814) 

(27,682) 

(1,386) 

2010 

(821,582) 

(28,138) 

(55,961) 

(1,761) 

Net  Emissions  (Ibs/hr) 

1993 

(1,640) 

(117) 

(111) 

(7) 

1998 

(143,806) 

(6,842) 

(9,338) 

(673) 

2000 

(190,761) 

(7,981) 

(12,347) 

(635) 

2010 

(341,212) 

(13,088) 

(23,220) 

(801) 

Notes: 

1 ) Net  emissions  calculated  as  regional  emissions  under  the  proposed  project  in  the  year  of  analysis  minus 
regional  emissions  under  the  No  Build  Alternative  in  the  1993  baseline  year. 

2)  Values  shown  in  parentheses  are  negative  (i.e.  emissions  under  the  proposed  project  are  less  than  those  under 
the  No  Build  Alternative). 


5.  ANALYSIS  OF  LOCAL  CARBON  MONOXIDE  IMPACTS 


5.1  Introduction 

This  section  of  the  Air  Quality  Technical  Report  discusses  the  modeling  methodology  used  to 
estimate  local  carbon  monoxide  (CO)  impacts  at  roadway  intersections  within  the  area 
substantially  affected  by  the  project  where  significant  adverse  CO  impacts  could  potentially 
occur.  The  local,  or  microscale,  CO  impact  analysis  is  intended  to  support  1)  the  analysis 
required  under  NEPA/CEQA  and  2)  the  air  quality  conformity  assessment  required  under 
40  CFR  Parts  51  Subpart  T and  93  Subpart  A and  by  the  Metropolitan  Transportation 
Commission  (MTC)  Resolution  No.  2270.  The  methodology,  assumptions,  and  inputs  to  the 
microscale  air  quality  modeling  are  described  in  detail  below. 

The  microscale  CO  impact  analysis  methodology  was  developed  through  consultation  with 
involved  local  agencies  and  the  United  States  Environmental  Protection  Agency  (EPA).  In 
September  1993,  Ogden  prepared  an  air  quality  impact  analysis  protocol  that  described  the 
methodology  intended  for  use  in  the  air  quality  analysis  for  the  project  (Ogden,  1993),  based  on 
the  regulatory  guidance  in  place  at  that  time.  That  protocol  was  reviewed  by  the  Bay  Area  Air 
Quality  Management  District  (BAAQMD)  and  the  MTC.  Both  agencies  provided  comments, 
and  the  MTC  additionally  provided  written  concurrence  (BART,  1993).  Following  promulgation 
of  the  EPA  final  conformity  regulations  in  November  1993,  and  in  response  to  an  informal 
request  from  the  EPA,  Ogden  prepared  a revised  protocol  describing  the  intended  methodology 
specific  to  the  microscale  CO  analysis  (Ogden,  1994).  The  revised  protocol  addressed  the  new 
EPA  guidance  for  microscale  CO  analysis,  and  was  submitted  to  the  EPA,  the  MTC,  the  Federal 
Transit  Administration  (FTA),  and  the  BAAQMD  for  review  (BART,  1994a).  Comments 
reflecting  general  concurrence  were  received  from  the  MTC  and  the  BAAQMD,  and  during 
May,  June,  and  July  1994  both  BART  and  the  consultant  team  continued  to  correspond  with  the 
EPA  with  the  intent  of  obtaining  comments  or  formal  concurrence.  As  of  July  8,  the  EPA  had 
not  provided  review  comments,  and  BART  proceeded  with  the  analysis  (BART,  1994b) 
described  below. 


5.2  General  Techniques 

The  analysis  of  local  air  quality  impacts  focuses  on  CO  “hot  spots”  resulting  from  vehicular 
traffic  at  roadway  intersections  in  the  area  substantially  affected  by  the  project.  For 
intersection-level  analysis,  a “combination”  modeling  approach  was  used  to  quantify  CO  levels 
in  the  vicinity  of  selected  intersections:  the  California  CALINE4  model  was  employed  for  most 
non-signalized  intersections  and  for  simple  signalized  intersections,  and  the  EPA -recommended 
CAL3QHC  model  was  employed  at  other  intersections  as  described  below.  These  models  were 
executed  using  project-specific  traffic  data  input,  following  appropriate  model  guidance. 
Vehicular  CO  emission  factors  input  to  the  models  were  derived  from  the  EMFAC7F  model 
developed  for  use  in  California.  The  models  were  used  to  predict  worst-case  CO  concentrations 
for  1-hour  averaging  time  periods  at  each  intersection  analyzed,  for  all  alternatives  for  all 
analysis  years.  Eight-hour  average  impacts  were  estimated  using  a persistence  factor  approach. 


5.3  Background  Concentrations 

The  MTC  Resolution  No.  2270  (MTC,  1991)  requires  identification  of  assumed  background 
emissions  levels  and  background  concentrations  of  carbon  monoxide  in  the  area  substantially 
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affected  by  the  project.  As  local  carbon  monoxide  concentrations  are  approximately  linearly 
proportional  to  source  strength  (emission  level),  the  following  discussion  considers  background 
CO  levels  in  the  context  of  ambient  concentrations  only,  rather  than  both  ambient  concentrations 
and  emissions  levels. 

The  B AAQMD  operates  a series  of  monitoring  stations  throughout  the  Bay  Area  for  collection  of 
the  data  necessary  to  evaluate  local  conditions  against  the  EPA  ambient  air  quality  standards. 
The  Redwood  City  station  and  the  San  Francisco  station  at  10  Arkansas  Street  are  the  two 
stations  closest  to  the  project  corridor,  and  therefore  most  appropriate  for  defining  background 
air  quality  for  the  project.  The  Redwood  City  station  monitors  ozone  (03),  CO,  nitrogen  dioxide 
(NO,),  and  particulate  matter  smaller  than  10  microns  in  diameter  (PM10).  Sulfur  dioxide  (S02) 
monitoring  data  are  collected  at  the  San  Francisco  station.  Table  5-1  presents  a summary  of  the 
ambient  air  quality  measured  at  the  Redwood  City  and  San  Francisco  air  quality  monitoring 
stations  for  the  five-year  period  from  1988  to  1992. 

Background  CO  concentrations  are  required  for  the  local  CO  impact  analysis,  both  for  1993 
existing  conditions  and  for  all  future  analysis  years.  Determination  of  background  CO 
concentrations  was  based  on  the  data  and  methods  provided  by  the  B AAQMD  (1985,  revised  in 
1993).  Background  CO  concentrations  for  1993,  1998,  2000,  and  2010  were  calculated  by 
multiplying  the  actual  measured  maximum  1989  concentration  at  the  representative  monitoring 
station  by  the  most  current  rollback  factors  specified  by  the  B AAQMD  (1993). 

In  establishing  the  background  CO  concentrations  for  use  in  the  microscale  analysis,  the  1989 
1-hour  and  8-hour  second  high  data  (the  second-highest  1-hour  and  8-hour  average  CO 
concentrations  measured  during  1989)  from  both  the  10  Arkansas  and  Redwood  City  stations 
were  examined.  The  1989  Redwood  City  second  high  1-hour  and  8-hour  CO  measurements  of 
13.0  and  5.3  ppm,  respectively,  represent  the  greatest  second  high  values  at  either  station.  Based 
on  these  measurements,  the  1989  1-hour  and  8-hour  background  CO  concentrations  were  defined 
as  13.0  and  5.3  ppm,  respectively.  The  background  concentrations  for  1993,  1998,  2000,  and 
2010  were  calculated  by  multiplying  these  1989  background  concentrations  by  the 
BAAQMD-recommended  rollback  factors.  Table  5-2  presents  the  rollback  factors  and  the 
calculated  background  concentrations  used  in  the  local  CO  impact  analysis. 

The  use  of  the  Redwood  City  station  data  for  establishing  background  CO  levels  in  the  project 
area  appears  appropriate  based  upon  review  of  the  most  recent  BAAQMD  ambient  CO 
concentration  isopleths  (BAAQMD,  1993).  These  1993  background  CO  isopleths  depict  8-hour 
isopleth  lines  of  3 ppm  straddling  the  project  corridor  to  the  east  and  west,  indicating  a 1993 
8-hour  background  CO  concentration  between  3 and  4 ppm  within  the  project  corridor.  For 
comparison,  the  1993  8-hour  background  CO  value  calculated  using  the  rollback  factor  approach 
is  4.2  ppm. 


5.4  Travel  Demand  Forecasting  and  Definition  of  Affected  Area 

The  study  area  for  the  transportation  impacts  analysis  for  the  BART  build  alternatives  consists  of 
northern  and  central  San  Mateo  County,  generally  defined  by  the  City  of  San  Mateo  southern 
city  limits  to  the  south,  1-280  to  the  west,  the  San  Francisco-San  Mateo  county  line  to  the  north, 
and  the  San  Francisco  Bay  to  the  east.  The  BART  project  corridor,  however,  extends  north  only 
to  the  Colma  BART  Station,  not  to  the  San  Francisco-San  Mateo  county  line. 

This  section  describes  the  source  of  the  regional  travel  demand  forecasts,  and  basic  methodology 
used  to  develop  project-specific  data  within  the  study  area.  All  traffic-related  inputs  to  the  air 
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Table  5-2 

Background  CO  Concentrations 


CO  Concentration  (ppm)(1)  Concentration  (ppm) 

1 989  Second  High  Background  CO 


Year 

1 -hour 
Average 

8-hour 

Average 

Rollback 

Factor^2) 

1 -hour 
Average 

8 -hour 
Average 

1993 

13.0 

5.3 

0.80 

10.4 

4.2 

1998 

13.0 

5.3 

0.66 

8.6 

3.5 

2000 

13.0 

5.3 

0.61 

7.9 

3.2 

2010 

13.0 

5.3 

0.51 

6.6 

2.7 

Sources: 

1)  CARB.  1989. 

2)  BAAQMD,  1993b. 

quality  analysis  were  developed  by  the  project  transportation  consultant,  Parsons  Brinckerhoff 
Quade  and  Douglas  (PBQ&D).  For  further  detail,  refer  to  the  Transportation  Technical  Report. 

5.4.1  Travel  Demand  Forecasting 

The  transportation  impact  analysis,  and  therefore  the  traffic  data  upon  which  the  air  quality 
analysis  is  based,  is  based  on  1990  and  2010  travel  demand  forecasts  obtained  from  the  MTC. 
The  MTC  is  the  local  Metropolitan  Planning  Organization  (MPO)  for  the  San  Francisco  Bay 
Area  and  the  FT  A requires  the  use  of  the  MPO  modeling  procedure.  The  MTC  forecast  provided 
both  transit  travel  (including  BART  travel)  and  highway  travel  for  the  study  area. 

A sub-area  traffic  model  was  developed  and  calibrated  to  assign  projected  highway  travel  to  the 
local  street  network  in  the  study  area  and  to  allocate  the  BART  trips  to  the  various  stations  in  the 
corridor.  The  1993  sub-area  traffic  model  was  calibrated  based  on  A.M.  and  P.M.  peak-hour 
traffic  volumes  measured  during  fall  1993  and  spring  1994  specifically  for  this  project. 

Traffic  volumes  for  the  1993  No  Build  Alternative  are  based  on  the  actual  measured  traffic 
counts,  supplemented  by  data  from  local  jurisdiction.  All  other  traffic  volumes  are  modeled,  or 
predicted.  Growth  factors,  based  on  the  most  recent  forecasts  of  current  and  future  population, 
employment,  and  land  use  for  the  study  area,  were  used  to  develop  the  1998,  2000,  and  2010 
traffic  forecasts.  The  Association  of  Bay  Area  Governments  (ABAG)  is  the  local  agency 
responsible  for  providing  the  population  and  employment  forecasts.  Cumulative  impacts 
associated  with  other  known  projects  in  the  study  area  have  been  included  in  the  travel  model 
forecasts. 

5.4.2  Definition  of  the  Area  Substantially  Affected  by  the  Project 

The  traffic  study  area  has  been  identified  by  PBQ&D  as  the  area  substantially  affected  by  the 
project.  Within  the  study  area,  traffic  impacts  were  analyzed  in  terms  of  both  freeway  operations 
and  local  intersection  operations.  The  selection  of  intersections  within  the  study  area  potentially 
affected  by  the  project  was  based  on  available  data  from  the  local  jurisdictions,  results  from  the 
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previous  AA/DEIS/DEIR,  comments  from  local  jurisdiction  on  the  AA/DEIS/DEIR  traffic 
analysis,  and  the  professional  judgement  of  the  traffic  consultant. 

PBQ&D  identified  approximately  63  intersections  within  the  study  area  for  which  traffic  impacts 
were  quantitatively  examined.  Traffic  analysis  of  these  63  intersections  as  well  as  32  new 
intersections  resulting  from  the  different  BART  build  alternatives  was  performed  for  each  of  the 
alternatives  listed  in  Table  5-3. 

It  was  the  professional  judgment  of  PBQ&D  that  the  set  of  63  intersections  includes  all  areas 
where  significant  adverse  impacts  could  potentially  occur,  and  includes  the  key  intersections  in 
all  neighborhoods,  commercial  areas,  and  downtown  areas.  Therefore,  these  intersections 
represent  the  area  substantially  affected  by  the  proposed  BART  extension. 


5.5  Roadway  Intersection  Analysis  Methodology 

Localized  CO  impacts  associated  with  the  project  alternatives  are  defined  as  changes  in  CO 
concentrations  at  roadway  intersections  or  BART  parking  lots.  Local  CO  concentrations  could 
increase  where  traffic  could  be  delayed  or  increased  as  a result  of  BART-associated  vehicular 
traffic.  At  some  roadway  intersections,  CO  concentrations  could  decrease  as  a result  of 
reductions  in  traffic  volumes  and/or  congestion,  producing  beneficial  impacts. 

The  methodology  used  for  determining  local  CO  impacts  is  consistent  with  the  EPA  conformity 
assessment  procedures  in  40  CFR  93.131  and  with  typical  NEPA/CEQA  air  quality  impact 
analyses.  Curbside  CO  impacts  at  selected  roadway  intersections  were  estimated  using 
EPA-recommended  air  quality  models,  in  conjunction  with  traffic  data  specific  to  the  alternative 
and  analysis  year.  The  details  of  each  step  in  the  analysis  are  described  below.  The 
methodology  used  to  evaluate  local  CO  impacts  from  BART  station  parking  lots  is  described 
separately  in  Section  5.6. 

5.5.1  Selection  of  Intersections  for  Analysis 

PBQ&D  quantitatively  analyzed  the  traffic  conditions  at  95  existing  and  proposed  intersections 
in  the  study  area.  At  the  suggestion  of  the  MTC  (1993c)  and  the  BAAQMD  (1993),  Ogden 
selected  24  intersections  for  local  carbon  monoxide  analysis.  A three-step  selection  process  was 
employed  to  ensure  that  the  locations  most  impacted  under  each  project  alternative  were  included 
for  analysis. 

The  first  step  consisted  of  the  EPA-recommended  procedure  (EPA,  1992a)  for  ranking  and 
selecting  intersections  for  CO  impacts  modeling.  That  procedure  is  summarized  as  follows: 

1)  rank  the  top  20  signalized  intersections  by  traffic  volumes; 

2)  calculate  the  level  of  service  (LOS)  for  the  top  20  intersections  based  on  traffic  volumes; 

3)  rank  these  intersections  by  LOS; 

4)  model  the  top  3 intersections  based  on  the  worst  LOS;  and 

5)  model  the  top  3 intersections  based  on  the  highest  traffic  volumes. 
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Table  5-3 

BART  Alternatives  Included  in  Traffic  and  Microscale  CO  Analyses 

Proposed  Project  - Locally  Preferred  Alternative  (LPA) 

Alternative  I - No  Build  Alternative 

Alternative  II  - Transportation  Systems  Management  (TSM) 

Alternative  III  - BART  to  Airport  Intermodal  (Base  Case) 

Alternative  IV  - Airport  Aerial  East  of  Highway  101  (with  I-380/San  Bruno  Station  option) 

Alternative  V - Minimum  Length  Subway  to  Millbrae  Intermodal  (with  I-380/San  Bruno  Station  option) 
Design  Option  V-B  - Minimum  Length  Subway  to  San  Bruno  (with  I-380/San  Bruno  Station  option) 
Alternative  VI  - Millbrae  Avenue  via  the  Airport  International  Terminal 


The  EPA  selection  procedure  ensured  that  signalized  intersections  where  impacts  are  likely  to  be 
worst  were  included  in  the  analysis.  Intersection  rankings  by  1998  A.M.  and  P.M.  peak -hour 
traffic  volumes  are  presented  in  Attachment  C. 

Second,  all  existing  and  proposed  intersections  were  ranked  by  level  of  service  in  1998,  the 
planned  year  of  opening  for  the  project.  All  intersections,  including  non-signalized  intersections, 
with  a predicted  level  of  service  for  the  dominant  traffic  movement  of  D,  E,  or  F under  1998 
peak  hour  (A.M.  or  P.M.)  traffic  conditions  were  included  in  the  analysis. 

Third,  due  primarily  to  CEQA  considerations,  a number  of  other  intersections  were  included  that 
have  the  potential  to  change  markedly  under  BART  build  alternatives,  or  that  were  identified  as 
important  to  the  local  public  during  the  environmental  review  process.  These  included 
intersections  directly  adjacent  to  new  BART  stations.  Some  of  these  intersections  are  not  present 
under  No  Build  conditions,  but  would  be  constructed  along  with  the  BART  extension. 

This  three-step  process  was  designed  to  select  1)  those  intersections  where  CO  concentrations  are 
expected  to  be  highest  and  2)  those  intersections  expected  to  undergo  the  greatest  change  from 
existing  conditions  under  BART  build  alternatives.  The  21  roadway  intersections  selected  with 
this  process  were  analyzed  for  local  CO  impacts  under  the  proposed  project,  Alternatives  I,  II, 
III.  IV,  and  V,  and  Design  Option  V-B. 

For  Alternative  VI,  the  three-step  process  resulted  in  the  selection  of  three  additional 
intersections  for  local  CO  analysis.  These  three  additional  intersections  were  analyzed  under 
Alternatives  I,  11,  and  VI  only.  The  original  21  intersections  were  analyzed  with  Alternative  VI 
as  well. 

Table  5-4  identifies  the  24  intersections  selected  for  local  CO  impacts  analysis.  The  selected 
intersections  represent  those  most  likely  to  have  significant  adverse  impacts  and  those  where 
impacts  are  expected  to  change  significantly  under  BART  alternatives  versus  the  No  BuiM 
Alternative. 
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Table  5-4 

Roadway  Intersections  Selected  for  Microscale  CO  Analysis 


El  Camino  Real/Hickey  Boulevard 
1-280  Southbound  Ramps/Sneath  Lane 
Mission  Road/Evergreen  Drive 
Mission  Road/“new  street’^1) 

El  Camino  Real/“new  street’’^1) 
Mission  Road/Grand  Avenue 
Chestnut  Avenue/Grand  Avenue 
Mission  Road/Oak  Avenue 
El  Camino  Real/ Arroyo  Drive 


El  Camino  Real/Sneath  Lane 


Huntington  Avenue/Sneath  Lane 
El  Camino  Real/San  Bruno  Avenue 


San  Mateo  Avenue/San  Bruno  Avenue 


2nd  Avenue/San  Bruno  Avenue 


San  Mateo  Avenue/Huntington  Avenue 
Huntington  Avenue/ Angus  Avenue 
El  Camino  Real/Center  Street 
El  Camino  Real/Millbrae  Avenue 


Junipero  Serra  Boulevard/Westborough  Boulevard  Rollins  Road/Millbrae  Avenue^2) 


El  Camino  Real/Westborough  Boulevard 
El  Camino  Real/So.  Spruce  Avenue 


El  Camino  Real/Murchison  Drived 
California  Drive/Broadway^2) 


Notes: 


1)  The  “new  street”  does  not  currently  exist;  it  would  be  built  under  the  proposed  project,  Alternatives  IV,  V,  and 
VI,  and  Design  Option  V-B. 

2)  These  intersections  were  analyzed  under  Alternatives  I,  II,  and  VI  only  and  would  not  be  affected  by  the  other 
BART  build  alternatives. 


5.5.2  Dispersion  Model  Selection 

Two  air  quality  models  were  employed  for  quantitative  analysis  of  local  CO  impacts:  the 
California  Line  Source  Dispersion  Model  (CALINE4)  (Caltrans,  1989c)  and  CAL3QHC 
Version  2.0  (EPA,  1992).  CALINE4  is  the  preferred  model  within  California  for  analysis  of 
local  CO  impacts,  and  was  the  “base,”  or  default,  model  employed  by  Ogden  in  this  analysis. 
CAL3QHC  is  the  current  EPA-recommended  model  for  analysis  of  signalized  intersections,  and 
was  employed  at  those  intersections  for  which  it  was  particularly  suited.  The  model  employed 
for  the  analysis  of  each  specific  intersection  is  indicated  in  Attachment  D.  Brief  model 
descriptions  and  the  criteria  for  model  selection  are  presented  below. 


CALINE4  is  based  on  the  Gaussian  diffusion  equation  and  employs  a mixing  zone  concept  to 
characterize  pollutant  dispersion  above  the  roadway.  The  model  contains  special  options  for 
modeling  pollutant  concentrations  near  intersections.  A unique  feature  of  CALINE4  is  the 
internal  calculation  of  modal  emission  factors.  These  modal  factors  attempt  to  account  for  the 
variation  in  vehicle  emissions  during  the  cruise,  deceleration,  idle,  and  acceleration  modes  of 
vehicle  operation  at  an  intersection.  CALINE4  does  not  perform  intersection  capacity  analysis 
internally;  that  analysis,  including  determination  of  vehicle  queue  lengths  and  idling  times,  must 
be  performed  by  the  user. 
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Generally,  CALINE4  was  employed  for  CO  analysis  at  1)  all-way  stop  intersections, 

2)  “unsignalized”  intersections  (intersections  with  a stop  sign  on  the  minor  road  only),  and 

3)  signalized  intersections  with  a relatively  low  volume  to  capacity  (V/C)  ratio.  However, 
limitations  of  CALINE4  regarding  minimum  link  length  and  allowable  number  of  links 
precluded  the  use  of  the  model  under  the  above  conditions  at  certain  intersections. 

The  CALINE4  intersection  link  option  provides  internal  calculations  of  modal  emission  factors, 
accounting  for  the  cruise,  deceleration,  idle,  and  acceleration  modes  of  vehicle  operation  at  the 
traffic  intersection.  However,  the  model  requires  that  each  intersection  link  be  long  enough  to 
encompass  the  deceleration,  idling,  and  acceleration  zones  of  vehicle  behavior;  this  requirement 
typically  results  in  intersection  links  several  hundred  feet  in  length.  For  those  intersections 
where  the  CALINE4  intersection  link  would  extend  into  an  adjacent  intersection,  or  would 
deviate  significantly  from  the  roadway  centerline  due  to  roadway  curvature,  CAL3QHC  (see 
below)  was  employed  instead  of  CALINE4. 

CALINE4  allows  the  specification  of  up  to  20  links  and  up  to  20  receptors.  At  some 
intersections,  geometric  complexities  such  as  a large  number  of  traffic  lanes,  skewed  alignment 
(e.g..  a “Y”),  severe  road  curvature,  and/or  other  adjacent  intersections  required  the  use  of  more 
than  20  links.  Because  CAL3QHC  allows  the  use  of  up  to  120  links,  it  was  employed  instead  of 
CALINE4  when  intersection  geometry  required  the  use  of  more  than  20  links. 

CAL3QHC 

CAL3QHC  Version  2.0  is  the  current  EPA-recommended  model  for  predicting  CO 
concentrations  in  the  vicinity  of  traffic  intersections  (EPA,  1992a).  This  model  combines  the 
dispersion  component  of  CALINE3  (the  predecessor  of  CALINE4)  with  a traffic  algorithm  for 
estimating  vehicle  queue  lengths.  The  CAL3QHC  traffic  algorithm  employs  a hybrid  approach 
towards  queuing  analysis,  utilizing  a simplified  1985  Highway  Capacity  Manual  (HCM)  (FTA, 
1985)  procedure  for  under-saturated  conditions  (volume  to  capacity  ratio  (V/C)  less  than  one) 
and  a deterministic  queuing  procedure  for  over-saturated  conditions  (V/C>1).  Because 
CAL3QHC  was  specifically  designed  to  model  near-  and  over-capacity  intersection  conditions,  it 
was  employed  at  those  signalized  intersections  with  volume  to  capacity  ratios  close  to  or  greater 
than  one.  Additionally,  CAL3QHC  was  employed  in  those  instances  where  intersection 
geometry  dictated  the  use  of  more  than  20  links. 

5.5.3  Vehicular  Emission  Rates 

The  procedures  to  establish  CO  emission  rates,  used  as  input  to  the  microscale  CO  dispersion 
modeling  analysis,  are  described  below.  EPA  conformity  regulations  at  40  CFR  93.1 1 1 require 
the  use  of  the  “latest  emission  estimation  model  available”  for  conformity  analysis.  The  MTC 
Resolution  No.  2270  and  the  most  recent  MTC  draft  conformity  guidance  have  similar 
requirements.  In  this  analysis,  the  most  recent  version  of  the  California  EMFAC7  vehicular 
emissions  model  was  used  to  obtain  CO  emission  factors  (g/mi)  for  each  forecasting  year.  A 
discussion  of  the  emission  rate  calculation  procedure  is  presented  first,  followed  by  a discussion 
of  the  selected  project-specific  input  variables. 

Composite  CO  emission  factors  were  calculated  with  the  compositing  program  ENV028F 
(Caltrans,  1993)  from  EMFAC7F  Version  1.0  (CARB,  1993a)  impact  rates.  At  the  time  of  this 
analysis,  EMFAC7F  1.0  was  the  most  recent  EPA-approved  model  for  predicting  vehicular 
emissions.  EMFAC7F  calculates  CO  impact  rates  (grams  CO  emitted  per  vehicle-hour)  over  a 
range  of  temperatures  and  vehicle  speeds  for  13  vehicle  categories,  eight  vehicle  emissions 
processes,  summer  and  winter  fuel  blends,  and  for  “yes”  and  “no”  Inspection  and  Maintenance 
(I/M)  Program  designations. 
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The  compositing  program  ENV028F  is  a Caltrans  addition  to  EMFAC7F,  consisting  of  a “front 
end”  user  input  module  and  a “back  end”  composite  emission  factor  calculation  routine. 
ENV028F  produces  composite  CO  emission  factors  over  a range  of  temperatures  and  vehicle 
speeds  for  a user-specified  vehicle  mix,  calendar  year,  season,  and  I/M  designation.  Total  CO 
emission  factors  are  calculated  as  the  sum  of  three  emissions  processes:  running  (hot  stabilized) 
emissions,  and  either  cold  or  hot  start  incremental  emissions,  if  applicable.  Composite  CO 
emission  factors  used  in  this  analysis  are  presented  in  Table  5-5. 


For  a given  calendar  year,  season,  temperature,  and  I/M  designation,  the  CO  emission  factor  for  a 
particular  vehicle  category  and  speed  is  calculated  by  ENV028F  from: 


EF, 


■ 1 jPD  + r ^ 

SPD  ' SPDxd, 


+ /h 


H 


SPD  x d, 


(5-1) 


where: 


EF,,  spd  ~ 
rspd  = 
SPD  = 

fc  = 

C 

dt 


/h 

H 


CO  emission  factor  (g/mi)  for  vehicle  category  i at  speed  SPD; 

Running  emissions  (g/hr)  at  speed  SPD; 

Vehicle  speed  (mi/hr); 

Fraction  of  vehicles  in  cold  start  transient  mode  (unitless); 

Cold  start  incremental  emissions  (g/trip); 

Duration  of  transient  mode  trip  (hr/trip) 

0.14  hr/trip  (505  s/trip)  as  defined  by  the  Federal  Test  Procedure  (40  CFR 
Part  86,  Appendix  I); 

Fraction  of  vehicles  in  hot  start  transient  mode  (unitless);  and 
Hot  start  incremental  emissions  (g/trip). 


The  variables  RSPD,  C,  and  H in  Equation  5-1  are  the  hot  stabilized,  cold  start,  and  hot  start 
impact  rates,  respectively,  produced  by  EMFAC7F.  The  variables  fc , /H,  and  SPD  are  the 
user-defined  cold  start  fraction,  hot  start  fraction,  and  vehicle  speed.  The  duration  of  the 
transient  mode  trip,  dt,  is  defined  by  the  Federal  Test  Procedure  (FTP).  Equation  5-1  is 
employed  to  calculate  emission  factors  for  each  of  13  vehicle  categories.  The  emission  factors 
are  then  weighted  by  user-supplied  vehicle  mix  percentages  to  produce  a single  composite 
emission  factor  with  units  of  grams  per  mile. 


Note  that  Equation  5-1  assumes  that  cold  and  hot  start  incremental  emissions  are  uniformly 
distributed  over  the  duration  of  the  transient  mode  trip  (505  seconds  as  defined  by  the  FTP). 
This  is  not  the  case;  transient  emissions  are  very  high  immediately  after  vehicle  startup,  and 
gradually  decrease  to  zero  as  the  engine  achieves  a stable  operating  temperature  (Caltrans,  1989). 
This  effect  is  illustrated  in  Figure  5-1  (a)  and  (b).  Since  approximately  55  percent  of  the 
incremental  emissions  are  released  in  the  first  120  seconds  of  the  transient  cycle  (Figure  5-1  (c)). 
Equation  5-1  overpredicts  the  emission  rate  of  all  vehicles  that  have  been  running  for  more  than 
two  minutes.  In  urban  corridors,  where  vehicles  are  drawn  from  a larger  area  of  potential  trip 
origins,  more  vehicles  tend  to  be  in  the  latter  stages  of  the  transient  start  mode.  Therefore,  the 
assumption  (made  in  this  analysis)  of  uniform  distribution  of  excess  emissions  over  the  duration 
of  the  transient  startup  mode  is  a conservative  one. 
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Table  5-5 

Composite  CO  Emission  Factors  (g/mi) 

Speed 

(mph) 

Calendar  Year 

Speed 

Calendar  Year 

1993 

1998 

2000 

2010 

(mph) 

1993 

1998 

2000 

2010 

Idle 

6.03 

4.05 

3.32 

1.36 

24 

17.79 

11.68 

9.68 

4.41 

3 

120.67 

80.90 

66.41 

27.19 

25 

17.13 

11.24 

9.32 

4.25 

4 

94.93 

63.13 

51.97 

21.93 

26 

16.52 

10.86 

9.00 

4.09 

5 

78,15 

51.78 

42.72 

18.43 

27 

15.96 

10.46 

8.67 

3.95 

6 

66.27 

43.84 

36.23 

15.89 

28 

15.43 

10.11 

8.38 

3.83 

7 

57.42 

37.96 

31.43 

13.96 

29 

14.94 

9.78 

8.11 

3.71 

8 

50.59 

33.45 

27.72 

12.43 

30 

14.48 

9.48 

7.86 

3.59 

9 

45.18 

29.88 

24.78 

11.19 

31 

14.04 

9.19 

7.62 

3.49 

10 

40.79 

26.99 

22.39 

10.16 

32 

13.63 

8.92 

7.40 

3.39 

11 

37.19 

24.60 

20.42 

9.30 

33 

13.24 

8.66 

7.19 

3.30 

12 

34.17 

22.61 

18.77 

8.57 

34 

12.87 

8.42 

6.99 

3.22 

13 

31.62 

20.92 

17.37 

7.94 

35 

12.53 

8.20 

6.81 

3.14 

14 

29.44 

19.47 

16.17 

7.40 

36 

12.21 

7.99 

6.64 

3.07 

15 

27.56 

18.21 

15.12 

6.92 

37 

11.90 

7.79 

6.47 

3.01 

16 

25.91 

17.12 

14.21 

6.50 

38 

11.62 

7.60 

6.32 

2.95 

16 

25.62 

16.93 

14.05 

6.43 

39 

11.35 

7.43 

6.18 

2.89 

17 

24.47 

16.15 

13.41 

6.13 

40 

11.11 

7.27 

6.05 

2.84 

18 

23.19 

15.30 

12.70 

5.81 

41 

10.88 

7.12 

5.93 

2.80 

19 

22.05 

14.54 

12.06 

5.51 

42 

10.67 

6.98 

5.81 

2.76 

20 

21.03 

13.85 

11.49 

5.25 

43 

10.49 

6.85 

5.71 

2.72 

21 

20.10 

13.23 

10.97 

5.01 

44 

10.32 

6.74 

5.62 

2.69 

22 

19.26 

12.66 

10.50 

4.79 

45 

10.17 

6.64 

5.54 

2.67 

23 

18.49 

12.15 

10.07 

4.59 

Notes: 

1 ) Composite  emission  factors  calculated  by  ENV028F  (CalTrans,  1993)  from  EMFAC7F  Version  1.0  impact  rates 
(CARB,  1993a). 

2)  Idle  emission  factors  (g/min)  calculated  by  adjusting  3-mph  emission  factors  (g/mi)  to  time-rate. 

3)  16.2-mph  emission  factors  calculated  by  linear  interpolation  between  16-  and  17-mph  values. 

4)  Assumptions: 

temperature  = 45°F  (CalTrans,  1989a); 
winter  season; 

I/M  Program  in  effect; 

% Cold/Hot  starts  = 20.6/27.3  (BAAQMD);  and 

vehicle  mix  from  San  Mateo  County  Ozone  Planning  Inventory  reports  (CARB,  1993c). 


User-specified  inputs  and  EMFAC7F  and  ENV028F  include  calendar  year,  ambient  temperature, 
vehicle  speed,  season,  Inspection  and  Maintenance  (I/M)  Program  designation,  vehicle  category 
mix,  and  vehicle  operating  mode  mix.  The  values  specified  for  ENV028F/EMFAC7F  input 
variables  and  the  rationale  for  their  use  are  provided  below. 

Calendar  Year.  Composite  CO  emission  factors  were  generated  for  each  calendar  year 
analyzed  in  the  DEIR/SDEIS:  1993,  1998,  2000,  and  2010. 

Temperature.  Vehicular  CO  emissions  vary  inversely  with  ambient  temperature.  Carbon 
monoxide  is  a product  of  incomplete  (inefficient)  combustion,  and,  within  the  ambient 
temperature  range,  combustion  efficiency  decreases  with  decreasing  temperature. 

The  temperature  at  which  CO  emission  rates  were  calculated  for  this  analysis  was  selected  for 
consistency  with  the  meteorology  inputs  specified  to  the  CALINE4  and  CAL3QHC  dispersion 
models.  The  temperature  selection  procedure,  described  below,  is  recommended  by  Caltrans 
(1989a)  for  worst-case  1-hour  microscale  CO  analysis.  In  other  words,  the  temperature 
represents  a project-specific  worst-case  temperature  for  1-hour  CO  analysis. 

All  composite  CO  emission  factors  were  generated  for  the  user-specified  temperature  of  45°F. 
This  temperature  was  calculated  by  adding  an  appropriate  adjustment  factor  to  the  lowest 
January  mean  minimum  temperature  over  a representative  three-year  period.  Forty-five  degrees 
Fahrenheit  is  the  sum  of  the  lowest  January  mean  minimum  temperature  measured  at  San 
Francisco  International  Airport  (SFIA)  over  the  three-year  period  from  1984  to  1986,  40°F 
(Caltrans  1989a),  and  the  morning  (06:00-10:00)  and  evening  (17:00-21:00)  temperature 
adjustment  factor  of  +5°F  (Caltrans  1989a).  The  SFIA  temperature  data  were  deemed 
appropriate  for  project-specific  use,  as  the  station  lies  within  the  project  study  area. 

V ehicle  Speeds.  Composite  CO  emission  factors  were  generated  over  the  range  of  possible 
vehicle  speeds,  in  1-mph  increments.  Emission  factors  at  non-whole  number  vehicle  speeds 
(e.g.,  16.2  mi/hr  as  required  for  CALINE4  intersection  links)  were  manually  calculated  by  Ogden 
using  linear  interpolation  between  the  adjacent  whole  number  emission  factors.  Idle  emission 
factors  (g/min)  were  calculated  internally  by  ENV028F  by  converting  the  3-mph  emission  factors 
(g/mi)  to  time -rate. 

Season.  EMFAC7F  generates  impact  rates  for  wintertime  and  summertime  fuel  blends;  winter 
impact  rates  reflect  the  implementation  of  Phase  1 (oxygenated  fuels)  regulations,  whereas 
summer  impact  rates  do  not.  All  composite  CO  emission  factors  were  generated  for  the  winter 
season.  Selection  of  the  winter  season  was  consistent  with  the  assumption  of  worst  case  January 
meteorological  conditions. 

Inspection  and  Maintenance  (I/M)  Program  Designation.  EMFAC7F  generates  I/M  and 
ncn-I/M  impact  rates;  the  I/M  rates  are  for  areas  of  California  that  have  implemented  the  State 
Inspection  and  Maintenance  (“smog  check”)  Program,  while  the  non-I/M  rates  apply  to  areas 
without  the  I/M  program.  Because  the  California  I/M  program  is  in  effect  in  the  project  study 
area,  all  composite  CO  emission  factors  were  generated  with  the  “yes”  I/M  designation. 

Vehicle  Categories.  EMFAC7F  generates  impact  rates  for  eight  vehicle  classes  (light  duty 
autos,  light  duty  trucks,  medium  duty  trucks,  heavy  duty  trucks,  urban  diesel  buses,  and 
motorcycles)  and  three  technology  groups  (non-catalyst-equipped,  catalyst-equipped,  and  diesel) 
for  a total  of  13  distinct  vehicle  categories.  ENV028F  requires  user  input  of  the  on-road 
percentage  for  each  of  the  eight  vehicle  classes;  ENV028F  then  internally  subdivides  the 
user-supplied  percentages  into  the  different  technology  groups  to  obtain  percentages  for  each  of 
the  13  categories. 
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1.0  T 


e (r)  = 3Etr/R  [ l-2r/R  + ra/R2  ] 
whore : 


(a)  Transient  Emission  Rate  vs.  Distance  Traveled 


(b)  Transient  Emission  Rate  vs.  Elapsed  Time 


(c)  Cumulative  Transient  Emissions  vs.  Elapsed  Time 


Figure  5-1  Distribution  of  Transient  Starting  Emissions  (Caltrans,  1989b) 


The  total  daily  vehicle  miles  traveled  (VMT)  by  each  vehicle  class  was  obtained  from  calendar 
year-specific  San  Mateo  County  Ozone  Planning  Inventory  reports  (CARB,  1993c).  The 
San  Mateo  County  daily  VMT  data  are  summarized  in  Table  5-6.  The  county-specific  on-road 
vehicle  category  mix,  based  on  the  daily  VMT  data  in  Table  5-6,  was  assumed  in  the  calculation 
of  composite  CO  emission  factors  at  all  individual  roadway  intersections  considered  in  the 
analysis,  as  recommended  by  CARB  (1993d). 

Vehicle  Emission  Processes.  EMFAC7F  generates  impact  rates  for  eight  distinct  vehicle 
emission  processes:  crankcase  blowby  emissions,  diurnal  evaporative  emissions,  hot  soak 
evaporative  emissions,  resting  loss  evaporative  emissions,  cold  start  incremental  emissions,  hot 
start  incremental  emissions,  incremental  emissions,  and  running  emissions.  Composite  emission 
factors  calculated  for  this  local  CO  impacts  analysis  incorporate  only  cold  and  hot  start 
incremental  emissions  and  running  (hot  stabilized)  emissions;  the  remaining  emissions  processes 
do  not  produce  CO.  The  relevant  emissions  processes  are  defined  below. 

Vehicle  Operating  Modes.  Vehicular  CO  emissions  are  greatly  affected  by  the  operating  mode, 
or  thermal  operating  state,  of  the  vehicle.  For  purposes  of  composite  emission  factor  calculation, 
vehicles  are  assigned  to  one  of  three  thermal  operating  states:  hot  stabilized  (warmed  up),  cold 
start  transient,  or  hot  start  transient.  CO  emissions  from  vehicles  in  the  cold  and  hot  start 
transient  modes  are  much  greater  than  those  from  hot  stabilized  vehicles.  Total  CO  emissions 
from  a vehicle  in  transient  mode  are  the  sum  of  emissions  associated  with  the  hot  stabilized 
operation  of  the  vehicle  and  the  additional  transient  emissions  that  occur  before  the  vehicle 
completely  warms  up.  The  transient  mode  is  defined  by  the  FTP  as  the  first  505  seconds 
following  ignition,  after  which  the  vehicle  is  defined  to  be  in  hot  stabilized  mode.  A start  is 
defined  as  cold  if  the  vehicle  has  been  off  for  more  than  one  hour  if  catalyst-equipped,  or  more 
than  four  hours  if  not  catalyst-equipped,  following  hot  stabilized  operation.  A vehicle  start  that 
occurs  within  one  or  four  hours,  as  appropriate,  following  hot  stabilized  operation  is  defined  as 
hot. 

The  EPA  (1992a)  recommends  the  use  of  localized  cold  start  and  hot  start  percentages  in  areas 
where  the  local  air  agency  has  measured  and  compiled  them.  The  EPA  also  recommends,  “for 
areas  that  lack  localized  data,  the  use  of  the  FTP  conditions  (20.6  percent  cold  start,  27.3  percent 
hot  start)  may  be  used  as  input.”  In  conversations  with  the  BAAQMD  (1994)  and  with  the  FT  A 
(1993b)  regarding  this  project,  no  local  data  were  found  to  be  available.  Both  agencies  therefore 
recommended  use  of  the  FTP  values  for  this  analysis.  The  lack  of  local  operating  mode  data  was 
confirmed  independently  by  Korve  Engineering  (1994c)  via  a local  literature  search  and 
discussions  with  project  proponents  for  other  recent  local  projects. 

Based  on  the  above  discussion,  the  percentage  of  vehicles  in  cold  start  transient  mode  was 
assumed  to  be  20.6  percent,  and  the  percentage  in  hot  start  transient  mode  assumed  to  be  27.3 
percent. 

5.5.4  Meteorological  Inputs 

Meteorological  conditions  must  be  specified  as  input  to  the  microscale  CO  dispersion  models. 
At  this  time,  neither  CALINE4  nor  CAL3QHC  allows  the  use  of  actual  sequential  hourly 
meteorological  data,  but  rather  accept  user-specified  values  for  temperature,  wind  speed,  wind 
direction,  stability  class,  sigma  theta  (the  latter  being  a measure  of  the  fluctuation  in  wind 
direction  within  a given  hour  ),  and  mixing  height.  Meteorological  parameters  for  use  in  this 
analysis  were  selected  based  on  EPA  guidance  (EPA  1992a),  and  reflect  EPA  default  conditions 
appropriate  for  predicting  worst-case  1-hour  impacts.  The  values  assigned  to  these 
meteorological  parameters  are  presented  in  Table  5-7. 
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Table  5-7 

Meteorological  Values  Used  in  Microscale  CO  Analysis 


Meteorological  Parameter 

Value 

Temperature 

45°F 

Wind  Speed 

1.0  m/s 

Wind  Direction 

worst-case 

Sigma  Theta 

25° 

Stability  Class 

D 

Mixing  Height 

1000  m 

Temperature.  The  EPA  does  not  provide  a default  temperature  for  use  as  model  input,  but 
rather  provides  guidance  on  selection  of  the  site-specific  temperature  value.  The  value  used  in 
the  dispersion  modeling  is  consistent  with  that  used  in  calculating  the  CO  emission  factors,  and 
is  a more  conservative  (lower)  value  than  that  derived  using  the  EPA  recommendations.  The 
EPA  recommends  using  the  average  January  temperature;  the  air  quality  analysis  uses  the  mean 
minimum  January  temperature  based  on  three  years  worth  of  observations. 

Wind  Speed.  The  wind  speed  was  set  equal  to  1.0  m/s  for  all  model  runs.  This  value  was 
recommended  by  the  BAAQMD,  and  is  near  the  lowest  recommended  wind  speed  for  use  in 
CALINE4  of  0.5  m/s  (Caltrans,  1989a). 

Wind  Direction.  The  specification  of  wind  direction  varies  slightly  between  the  two  microscale 
models,  but  in  both  cases  user  input  was  designed  to  obtain  worst-case  results.  CALINE4  allows 
the  user  to  input  a wind  direction  or,  alternatively,  performs  a worst-angle  wind  search.  The 
worst-angle  wind  search  option  was  activated  for  all  CALINE4  runs.  In  the  CAL3QHC 
analyses,  CO  concentrations  were  calculated  at  wind  angles  in  15-degree  increments  (a  total  of 
24  wind  directions);  the  highest  predicted  concentration  at  any  wind  angle  was  accepted  as  the 
result. 

Sigma  Theta.  Sigma  theta  (Gq)  is  the  standard  deviation  of  the  wind  direction.  Horizontal 
dispersion  increases  with  increasing  Gq.  A value  of  25  degrees  was  assigned  to  Gq;  this  value 
was  recommended  by  the  Bay  Area  Air  Quality  Management  District. 

Stability  Class.  The  Pasquill  Stability  Classification  consists  of  six  classes:  A,  the  most  unstable 
(greatest  amount  of  turbulent  diffusion),  through  F,  the  most  stable  (least  amount  of  turbulent 
diffusion).  CALINE4  modifies  these  classes  to  include  vehicle-induced  thermal  effects,  and 
recognizes  seven  stability  classes,  A through  G.  The  EPA  recommends  use  of  stability  class  D 
for  urban  areas,  based  on  the  land  use  classification  scheme  of  Auer.  The  Auer  classification 
approach  examines  the  land  use  within  a three-mile  radius  of  the  “source,”  which  in  this  case 
would  be  each  intersection  of  interest,  and  assigns  either  an  “urban”  or  “rural”  classification  to 
each  type  of  land  use.  For  example,  open  park  land  or  fields  are  designated  rural,  while 
multifamily  housing  or  dense  single  family  housing  are  designated  urban.  If  more  than  50 
percent  of  the  land  use  within  the  three-mile  radius  is  urban,  then  the  overall  classification  is 
urban.  The  urban  classification  is  appropriate  for  the  study  area,  and  thus  D stability  was 
specified  for  all  model  runs  based  on  EPA  guidance. 
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Mixing  Height.  Both  microscale  CO  models  are  relatively  insensitive  to  mixing  height, 
although  a common  mixing  height  algorithm  is  built  into  the  models  which  is  designed  to  model 
nocturnal  inversions.  That  algorithm  is  activated  when  a mixing  height  of  less  than  1000  m is 
entered.  Since  the  peak  hourly  traffic  period  (and  thus  the  peak  CO  impacts)  do  not  occur  at 
night,  but  rather  during  the  A.M.  or  P.M.  commute  periods,  the  mixing  height  was  set  at  1000  m 
to  bypass  the  algorithm. 

The  use  of  default  meteorological  data  is  supported  by  review  of  hourly  1990  and  1991 
meteorological  observations  from  San  Francisco  International  Airport.  Review  of  actual  hourly 
meteorological  data  indicates  that  D stability  predominates,  occurring  approximately  60  percent 
of  the  time.  Wind  speeds  are  almost  never  (less  than  1%  of  the  time)  as  low  as  1 m/s  at  D 
stability,  and  are  typically  (over  40  percent  of  the  time)  higher  than  2 m/s.  Therefore,  the  EPA 
default  assumptions  appear  to  represent  a reasonable  worst  case  for  this  analysis  for  the  peak 
hour.  Over  an  8-hour  period,  the  use  of  worst-case  defaults  is  even  more  conservative, 
specifically  because  persistent,  low  winds  speeds  are  not  a common  occurrence,  and,  moreover, 
the  dispersion  algorithm  assumes  that  the  wind  direction  is  also  persistent  (blowing  directly  at 
the  receptor  location  from  the  source)  over  the  8-hour  averaging  period. 

5.5.5  Intersection  Geometry 

Intersection  plan  views  were  obtained  from  a variety  of  sources.  In  some  instances,  recent 
construction  drawings  (e.g.,  roadway  improvement  plans)  were  available  from  the  relevant  city 
planning  or  engineering  office  (City  of  Millbrae,  1993;  City  of  San  Bruno,  1993).  If  acceptable 
plans  were  not  available,  then  recent  aerial  photographs  were  obtained  (Pacific  Aerial  Surveys, 
1993). 

Typically,  the  length  of  each  CALINE4  intersection  link  was  set  to  just  encompass  the 
deceleration,  idling,  and  acceleration  zones  of  vehicle  behavior  at  the  intersection;  the  roadway 
beyond  the  area  of  modal  vehicle  operation  was  modeled  with  non-intersection  links.  Each 
intersection  leg  was  typically  modeled  to  a distance  between  500  and  1000  feet  from  the 
intersection  itself,  regardless  of  model  used.  Sensitivity  analyses  indicated  that  links  located 
more  than  500  feet  from  the  intersection  had  negligible  contributions  to  CO  concentrations  at  the 
intersection  (see  Section  5.5.7  for  receptor  locations). 

In  most  cases,  each  individual  traffic  lane  at  the  intersection  was  modeled  with  a CALINE4 
intersection  link  (or  a CAL3QHC  queue  link).  This  one-link-per-lane  method  resulted  in  more 
accurate  representation  of  the  magnitude  and  location  of  vehicular  emissions  at  the  intersection 
than  the  use  of  only  one  intersection  link  per  direction  of  travel  with  assignment  of  the  worst-lane 
queuing  data.  At  less  traveled  intersections,  each  traffic  movement  (i.e.,  left,  straight,  and  right) 
was  modeled  with  an  intersection  link  (or  queue  link).  Typically,  one  non-intersection  link  (or 
free  flow  link)  per  direction  of  travel  was  specified  beyond  the  area  of  modal  vehicle  operation. 

Geometry-related  CALINE4  link  inputs  consist  of  link  endpoint  coordinates,  roadway  height 
above  the  surrounding  ground,  roadway  mixing  width,  and  stop  line  distance  (intersection  links 
only).  Endpoint  coordinates  were  scaled  from  an  appropriate  intersection  plan  view,  using  a 
local  coordinate  system.  Roadway  mixing  width  was  calculated  as  the  width  of  the  traveled  way 
(i.e.,  the  width  of  the  lanes  represented  by  the  link)  plus  20  feet  (Caltrans,  1989a).  Stop  line 
distance,  the  distance  from  the  link  endpoint  to  the  stop  line,  was  scaled  from  the  intersection 
plan  view. 

Geometry-related  CAL3QHC  link  inputs  are  similar  to  those  required  for  CALINE4.  Link 
endpoint  coordinates,  roadway  height,  and  mixing  width  were  specified  for  all  links  in  the  same 
manner  as  described  above  for  CALINE4. 
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5.5.6  Traffic-Related  Inputs  by  Intersection  Type 

The  estimation  of  CO  impacts  via  dispersion  modeling  requires  user  input  describing  vehicular 
volume,  movement,  and  delay.  This  section  describes  the  CALINE4  and  CAL3QHC 
intersection-specific  model  inputs  that  specify  the  traffic  conditions  at  a given  intersection. 
These  conditions  are  different  at  the  same  intersection  between  alternatives,  and  for  each 
forecasting  year  for  each  alternative.  For  each  intersection  analyzed,  the  basic  traffic  data  for 
each  alternative  and  each  forecasting  year  was  provided  by  the  transportation  consultant, 
PBQ&D,  in  the  form  of  hard  copy  output  from  their  local  traffic  model  network.  Traffic  input 
parameters  that  were  not  provided  directly  by  PBQ&D  were  developed  using  procedures  and 
guidance  from  the  standard  references  for  these  types  of  analysis,  and/or  in  consultation  with  the 
project  traffic  engineers.  Those  references  include  the  Highway  Capacity  Manual  (FTA,  1985 
and  1993a),  CALINE4  - A Dispersion  Model  for  Predicting  Air  Pollutant  Concentrations  Near 
Roadways  (Caltrans,  1989b),  Air  Quality  Technical  Analysis  Notes  (Caltrans,  1992a),  and  User’s 
Guide  to  CAL3QHC  Version  2.0:  A Modeling  Methodology  for  Predicting  Pollutant 
Concentrations  Near  Roadway  Intersections  (EPA,  1992b). 

Three  types  of  intersections  were  included  in  the  intersections  analyzed:  signalized  intersections, 
where  the  traffic  is  controlled  by  signal  light(s);  “unsignalized”  intersections,  where  traffic  on  the 
minor  road  is  controlled  by  stop  sign(s)  and  traffic  on  the  major  road  has  no  signal  light  or  stop 
sign  control;  and  all- way  stop  intersections,  where  traffic  in  all  directions  is  controlled  by  stop 
signs.  Intersection  type  is  identified  in  Attachment  D for  each  intersection  analyzed,  under  each 
alternative.  Note  that  in  some  cases,  the  intersection  type  varies  from  alternative  to  alternative; 
e.g.,  Huntington  Avenue/Sneath  Lane  is  an  all-way  stop  intersection  under  the  No  Build 
Alternative  but  is  signalized  under  the  proposed  project. 

Although  CALINE4  and  CAL3QHC  contain  essentially  the  same  dispersion  algorithm,  the 
traffic  components  of  the  two  models,  which  specify  the  vehicular  CO  emissions  to  the 
dispersion  algorithm,  are  quite  different.  The  procedures  followed  in  this  analysis  to  develop  the 
required  input  parameters  are  described  below  for  each  type  of  intersection,  for  each  model 
separately. 

The  procedures  followed  for  calculation  of  the  traffic-related  inputs  to  each  model  are  described 
below  for  each  of  three  intersection  types. 

Signalized  Intersections  - CALINE4  Inputs 

Signalized  intersection  traffic  data  were  provided  by  PBQ&D  (1994a).  These  data  consisted  of: 


• intersection  lane  configuration; 

• lane-by-lane  traffic  volumes; 

• signal  phasing; 

• critical  traffic  volumes;  and 

• LOS  designation. 

There  are  six  types  of  CALINE4  links:  at-grade,  depressed,  fill,  bridge,  parking  lot,  and 
intersection.  In  regards  to  the  inputs  required,  however,  there  are  essentially  two  types: 
non-intersection  links  and  intersection  links.  The  traffic-related  input  variables  associated  with 
each  of  these  link  types  are  discussed  below. 
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Non-intersection  Links.  A CALINE4  non-intersection  link  represents  a straight  segment  of 
roadway  with  constant  width,  height,  traffic  volume,  vehicle  speed,  and  vehicle  emission  factor. 
The  traffic-related  inputs  required  for  non-intersection  links  are  traffic  volume  (veh/hr)  and 
emission  factor  (g/veh-mi).  The  segment  running  speed  is  both  a direct  model  input  and  a data 
requirement  for  calculating  the  composite  emission  factor. 

Traffic  volumes  were  determined  from  PBQ&D  intersection  analysis  worksheets  (PBQ&D, 
1994a).  If  multiple  non-intersection  links  were  employed  to  model  traffic  traveling  in  the  same 
direction,  then  the  total  traffic  volume  was  evenly  distributed  over  those  links. 

Non-intersection  link  emission  factors  were  calculated  with  the  compositing  program  ENV028F 
from  EMFAC7F  impact  rates  (see  Section  5.5.3).  For  a given  link,  the  emission  factor  was 
calculated  at  the  segment  running  speed  as  determined  using  methodology  presented  in  the  1985 
HCM,  as  follows: 

1 ) posted  speed  limit  was  obtained  from  PBQ&D; 

2)  arterial  classification  (Type  I,  II,  or  III)  was  determined  from  Tables  1 1-2  and  1 1-3  of  the 
1985  HCM; 

3)  free  flow  speed  was  taken  as  the  lower  of  the  posted  speed  limit  and  the  default  free  flow 
given  in  Table  1 1-4  of  the  1985  HCM; 

4)  segment  length,  i.e.,  distance  from  intersection  to  nearest  signal  control  (stop  sign  or 
traffic  signal),  was  scaled  from  an  appropriate  aerial  photo  or  street  map; 

5)  running  time  (s/mi)  on  segment  was  determined  from  Table  1 1-4  of  the  1985  HCM  as  a 
function  of  arterial  classification,  free  flow  speed,  and  segment  length;  and 

6)  segment  running  speed  (mi/hr)  was  calculated  from  segment  running  time  by  simple  unit 
conversion. 

Intersection  Links.  A CALINE4  intersection  link  represents  a straight  segment  of  roadway 
encompassing  the  cruise,  deceleration,  idle,  and  acceleration  modes  of  vehicle  operation  at  the 
traffic  intersection.  Traffic -related  input  variables  required  for  CALINE4  intersection  links  are: 

• cruise  speed  (mi/hr); 

• deceleration  and  acceleration  times  (s); 

• approach  and  depart  volumes  (veh/hr); 

• composite  idle  emission  rate  (g/veh/min); 

• composite  emission  factor  at  16.2  mi/hr  (g/veh/mi); 

• number  of  vehicles  handled  per  cycle  (veh); 
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• number  of  vehicles  delayed  per  cycle  (veh);  and 

• maximum  and  minimum  vehicle  idle  times  (s). 

Cruise  speed  for  a given  intersection  link  was  taken  as  the  average  of  the  appropriate  two 
segment  running  speeds,  as  calculated  using  the  1985  HCM  procedure  described  above.  For 
example,  the  cruise  speed  for  an  intersection  link  with  north-south  alignment  was  set  equal  to  the 
average  of  the  segment  running  speeds  calculated  for  the  northern  and  southern  intersection  legs. 

Deceleration  time  is  the  time  required  for  vehicles  to  decelerate  from  cruise  speed  to  a full  stop. 
In  reality,  this  value  is  dependent  on  a variety  of  factors,  such  as  cruise  speed,  vehicle 
characteristics  (weight,  braking  ability),  roadway  grade,  and  pavement  conditions.  For  the 
purposes  of  this  analysis,  deceleration  time  was  varied  only  according  to  cruise  speed.  The 
values  of  deceleration  time  corresponding  to  different  cruise  speeds  are  shown  in  Table  5-8. 
These  values  were  derived  from  AASHTO  speed  vs.  distance  plots  for  comfortable  deceleration 
of  passenger  cars  on  level  grade,  assuming  a constant  rate  of  deceleration  during  the  event 
(AASHTO,  1990). 

Acceleration  time  is  the  time  required  for  vehicles  to  accelerate  from  rest  to  the  cruise  speed.  An 
acceleration  rate  of  2.2  mi/hr/s  was  assumed  at  all  intersections.  This  value  is  recommended  by 
Caltrans  for  most  urban  and  suburban  intersections  (Benson,  1991).  Acceleration  times  were 
then  calculated  from: 

SPD 

ACCT  = (5-2) 

a 

where: 

ACCT  = acceleration  time  (s); 

SPD  = cruise  speed  (mi/hr);  and 
a = acceleration  rate  (mi/hr/s). 

Equation  5-2  assumes  a constant  rate  of  acceleration  during  the  event.  Although  this  does  not 
typically  occur,  the  assumption  of  constant  acceleration  is  consistent  with  the  CALINE4  modal 
emission  factor  algorithm  and  is  recommended  by  the  author  (Benson,  1991). 

Approach  and  depart  traffic  volumes  were  determined  by  PBQ&D  (1994a).  By  requiring  the 
specification  of  both  approach  and  depart  volumes  for  each  intersection  link,  CALINE4 
implicitly  accounts  for  vehicle  turning  movements  at  the  intersection.  Approach  and  depart 
volumes  are  assigned  to  the  intersection  link  relative  to  the  stop  line  location. 

CALINE4  requires  input  of  composite  CO  emission  factors  at  16.2  mi/hr  and  at  idle.  Emission 
factors  were  calculated  with  the  compositing  program  ENV028F  from  EMFAC7F  impact  rates, 
as  described  in  Section  5.5.3.  Composite  emission  factors  at*  16.2  mi/hr,  used  in  the  internal 
calculation  of  modal  emission  factors,  were  manually  calculated  by  Ogden  using  linear 
interpolation  between  the  16-  and  17-mph  factors  produced  by  ENV028F.  Idle  emission  factors 
(g/min)  were  calculated  internally  by  ENV028F  by  converting  the  3-mph  emission  factors  (g/mi) 
to  time-rate.  The  remaining  CALINE4  intersection  link  input  parameters  describe  the  queuing, 
or  vehicle  delay,  conditions  at  the  intersection:  maximum  and  minimum  vehicle  idle  times, 
number  of  vehicles  handled  per  cycle,  and  number  of  vehicles  delayed  per  cycle.  These 
conditions  are  extremely  important  for  local  air  quality  impact  analysis,  as  CO  emissions 
(g/veh/mi)  are  very  high  for  slow-moving  or  stopped  vehicles. 


BART-San  Francisco  Airport  Extension  DE1R/SDEIS 

Air  Quality / Technical  Report  - Analysis  of  Local  Carbon  Monoxide  Impacts 


5-19 


Table  5-8 

Deceleration  Times 


Initial  Speed 
(mi/hr)(0 

Distance 

Deceleration  Rate 
(ft/s2)0) 

Deceleration  Time 

(s)(4) 

20 

80 

5.38 

5.5 

25 

130 

5.17 

7.1 

30 

175 

5.53 

8.0 

35 

220 

5.99 

8.6 

40 

265 

6.49 

9.0 

45 

310 

7.03 

9.4 

50 

360 

7.47 

9.8 

Notes: 

1 ) Cruise  speed 

2)  Distance  required  for  vehicle  to  decelerate  to  a complete  stop.  From  Figure  11-17  of  AASHTO  (1990). 

3)  Assumes  constant  rate  of  deceleration. 

4)  Time  required  for  vehicle  to  decelerate  from  cruise  speed  to  a complete  stop.  Assumes  constant  rate  of 
deceleration. 


Although  not  a direct  CALINE4  input,  total  signal  cycle  duration  was  necessary  for  calculation 
of  the  required  CALINE4  queuing  inputs.  Field  measurement  of  total  signal  cycle  duration  was 
conducted  by  Bay  Metrics  Traffic  Resources  (BayMetrics,  1993).  These  values  were  used  for  all 
analyses  of  those  intersections  with  no  appreciable  geometry  changes  from  the  existing 
conditions.  In  those  circumstances  where  cycle  duration  would  likely  change  from  existing 
conditions  as  a result  of,  for  example,  addition  of  a fourth  intersection  leg,  conversion  from  an 
all-way  stop  to  a traffic  signal,  or  construction  of  an  entirely  new  intersection,  total  cycle 
duration  was  recommended  by  PBQ&D. 

Maximum  and  minimum  vehicle  idle  times  represent  the  completely  stopped,  or  idling,  times  of 
the  first  and  last  vehicles  in  the  queue,  respectively.  Maximum  vehicle  idle  time  was  set  equal  to 
the  red  time  duration  corresponding  to  that  particular  traffic  movement.  In  other  words,  the  first 
vehicle  in  the  queue  was  assumed  to  stop  just  as  the  light  turned  red.  Minimum  vehicle  idle  time 
was  always  set  equal  to  zero.  In  other  words,  the  last  vehicle  in  the  queue  was  assumed  to  stop 
only  momentarily  before  starting  forward  again. 

Red  time  duration  of  each  phase  was  calculated  by  Ogden,  assuming  that  the  fraction  of  the  total 
effective  green  time  allotted  to  each  phase  was  equal  to  the  fraction  of  the  total  critical  volume 
associated  with  that  phase: 
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(5-3) 


d,  * _ v, 

D*~  V 
where: 

d,*  = effective  green  time  of  phase  i (s); 

D*  = effective  green  time  of  cycle  (s); 
v,  = critical  volume  of  phase  i (veh/hr);  and 
V = sum  of  critical  volumes  (veh/hr). 

The  appropriateness  of  this  assumption  was  confirmed  by  the  project  transportation  consultant 
(PBQ&D,  1994d). 

The  effective  green  time  of  phase  i,  d,*,  is  given  by: 

d, * = d,  - N(YFAC  + Kl)  (5-4) 

where: 

d,  = duration  of  phase  i (green  and  yellow); 

N = number  of  phases  in  signal  cycle  (unitless); 

YFAC  = clearance  interval  lost  time,  or  portion  of  yellow  phase  not  used  by 
motorists  (s);  and 
Kl  = startup  delay  (s). 

The  startup  delay  of  the  first  vehicle  in  the  queue,  Kl,  was  assumed  to  be  2.0  seconds.  This 
value  is  specifically  recommended  for  use  in  CALINE4  analyses  (Benson,  1991). 

The  total  effective  green  time  for  the  entire  cycle,  D*,  is  given  by: 

D*  = D - N( YFAC  + Kl)  (5-5) 

where: 

D = duration  of  signal  cycle  (s). 

Substituting  Equations  5-4  and  5-5  into  Equation  5-3  and  solving  for  dz  yields: 

d,  = [D  - N(YFAC  + Kl)]^-  + (YFAC  + Kl)  (5-6) 

The  nominal  duration  of  each  signal  phase  was  calculated  with  Equation  5-6.  The  maximum 
vehicle  idle  time  for  phase  i was  calculated  as  the  sum  of  the  red  time  duration  of  all  other  phases 
(denoted  by  j): 

IDT1,  =D-£d,  (5-7) 

j*i 


where: 

IDT1,  = maximum  vehicle  idle  time  for  phase  i. 
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The  number  of  vehicles  handled  per  cycle  was  calculated  by  multiplying  the  vehicle  arrival  rate 
by  the  total  signal  cycle  duration: 


NCYC 


VPHLxD 

3600 


(5-8) 


where: 


NCYC  = number  of  vehicles  handled  per  cycle  (veh); 
VPHL  = approach  volume  (veh/hr);  and 
3600  = conversion  factor  (s/hr). 


The  number  of  vehicles  delayed  per  cycle  was  calculated  in  two  steps.  A first  approximation 
was  made  by  multiplying  the  vehicle  arrival  rate  by  the  red  time  duration: 


VPHLx^d. 


NDLA’  = 


3600 


(5-9) 


where: 

NDLA'  = first  approximation  of  the  number  of  vehicles  delayed  per  cycle  (veh); 
and 

3600  = conversion  factor  (s/hr). 

The  number  of  vehicles  stopped  during  the  red  phase,  NDLA',  was  augmented  by  the  additional 
vehicles  delayed  by  the  queue  after  the  light  turns  green.  Assuming  a 2-second  startup  delay  per 
queued  vehicle  and  an  additional  2-second  startup  delay  for  the  first  vehicle  (Benson,  1991),  the 
revised  number  of  vehicles  delayed  per  cycle,  NDLA,  was  calculated  from: 

VPHL  x 2 + 2 x NDLA'  +£dy 

NDLA  = ^ (5- 10) 

3600 


where: 

NDLA  = number  of  vehicles  delayed  per  cycle  (veh);  and 
3600  = conversion  factor  (s/hr). 

Signalized  Intersections  - CAL3QHC  Inputs 

Traffic  input  variables  required  for  CAL3QHC  are  rather  different  than  those  required  for 
CALINE4.  Procedures  for  determination  of  the  traffic  inputs  for  CAL3QHC  free  flow  and  queue 
links  are  described  below. 

Free  Flow  Links.  A CAL3QHC  free  flow  link  represents  a straight  segment  of  roadway  having 
constant  width,  height,  traffic  volume,  vehicle  speed,  and  vehicle  emission  factor  (EPA,  1992b). 
Traffic  inputs  for  free  flow  links  consist  of  traffic  volume  (veh/hr)  and  emission  factor 
(g/veh-mi). 
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Traffic  volume  for  free  flow  links  in  the  immediate  vicinity  of  the  intersection  were  determined 
from  the  lane  volumes  provided  by  PBQ&D  (1994a).  Traffic  volumes  at  greater  distances  from 
the  intersection  (typically  at  least  several  hundred  feet  away)  were  evenly  distributed  over  the 
free  flow  links  representing  that  portion  of  the  roadway.  In  other  words,  if  parallel  free  flow 
links  were  used  to  model  traffic  in  the  same  direction  of  travel,  then  the  total  traffic  volume  was 
evenly  distributed  over  those  links. 

Free  flow  link  emission  factors  were  calculated  with  the  compositing  program  ENV028F  from 
EMFAC7F  impact  rates,  as  described  in  Section  5.5.3.  For  a given  link,  the  emission  factor  was 
calculated  at  the  free  flow  link  speed,  defined  as  “the  speed  of  a vehicle  traveling  along  the  link 
in  the  absence  of  the  delay  caused  by  traffic  signals”  (EPA,  1992b).  The  free  flow  link  speed 
was  calculated  for  each  intersection  leg  using  methodology  presented  in  the  1985  HCM,  as 
follows: 

1)  posted  speed  limit  was  obtained  from  PBQ&D; 

2)  arterial  classification  (Type  I,  II,  or  III)  was  determined  from  Tables  11-2  and  1 1-3  of  the 
1985  HCM; 

3)  free  flow  speed  was  taken  as  the  lower  of  the  posted  speed  limit  and  the  default  free  flow 
given  in  Table  1 1-4  of  the  1985  HCM; 

4)  segment  length,  i.e.,  distance  from  intersection  to  nearest  signal  control  (stop  sign  or 
traffic  signal),  was  scaled  from  an  appropriate  aerial  photo  or  street  map; 

5)  running  time  (s/mi)  on  segment  was  determined  from  Table  1 1-4  of  the  1985  HCM  as  a 
function  of  arterial  classification,  free  flow  speed,  and  segment  length;  and 

6)  free  flow  link  speed  (mi/hr)  was  calculated  from  segment  running  time  by  simple  unit 
conversion. 


The  above  method  ensures  that  the  free  flow  link  speed  for  which  the  composite  CO  emission 
factor  was  determined  was  lower  (more  conservative)  than  both  the  posted  speed  limit  and  the 
default  free  flow  link  speed  given  in  Table  1 1-4  of  the  1985  HCM. 

Queue  Links.  A CAL3QHC  queue  link  represents  a straight  segment  of  roadway  with  constant 
width  and  emission  source  strength,  on  which  vehicles  are  idling  for  a specified  period  of  time 
(EPA,  1992a).  The  queue  link  traffic  inputs  are: 

• traffic  volume  (veh/hr); 

• idle  emission  factor  (g/veh/hr); 

• total  signal  cycle  duration  (s); 

• red  time  duration  (s); 

• clearance  interval  lost  time  (s); 

• saturation  flow  rate  (veh/hr/lane); 

• signal  type;  and 

• vehicle  arrival  type. 
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Traffic  volume  for  queue  links  were  determined  from  lane  volumes  as  provided  by  PBQ&D 
(1994a). 

Queue  link  idle  emission  factors  were  calculated  with  the  compositing  program  ENV028F  from 
EMFAC7F  impact  rates,  as  described  in  Section  5.5.3.  Idle  emission  factors  (g/veh/hr)  were 
calculated  internally  by  ENV028F  by  converting  the  3-mph  emission  factors  (g/veh/mi)  to 
time -rate. 

The  procedures  for  determination  of  total  signal  cycle  duration  and  red  time  duration  for 
CAL3QHC  queue  links  were  the  same  as  those  described  above  for  CALINE4  intersection  links. 

Clearance  interval  lost  time  is  the  portion  of  each  yellow  phase  not  used  by  motorists.  A value  of 
zero  was  assigned  to  clearance  interval  lost  time  for  all  queue  links;  the  entire  yellow  time  was 
assumed  to  be  used  by  drivers. 

Saturation  flow  rate  is  the  theoretical  capacity  of  a single  lane,  if  there  was  no  delay  caused  by 
the  traffic  signal.  Saturation  flow  rate  values  of  1900  veh/lane/hr  and  1750  veh/lane/hr  were 
assigned  to  queue  links  representing  through  and  turning  traffic  movements,  respectively.  These 
values  are  typical  of  the  traffic  conditions  found  in  the  project  study  area  (Korve,  1994d)  and 
correspond  to  assumptions  made  in  the  traffic  analysis  (PBQ&D,  1994d).  A volume-weighted 
average  of  saturation  flow  rate  was  calculated  from  the  above  values  for  those  queue  links  used 
to  represent  combination  through-turning  lanes. 

Signal  type  is  an  optional  CAL3QHC  parameter  that  describes  the  operating  mode  of  the  traffic 
signal.  The  three  signal  types  are: 

1 = pretimed; 

2 = actuated;  and 

3 = semiactuated. 

The  default  condition,  pretimed,  is  typical  of  urban  intersections  (EPA,  1992)  and  was  employed 
in  this  analysis  at  those  intersections  known  to  have  synchronized  (i.e.,  pretimed)  signals 
resulting  in  favorable  vehicle  progression.  Signal  type  was  specified  as  actuated  at  all 
intersections  not  considered  to  be  part  of  a coordinated  signal  system.  Direct  input  from  the 
project  traffic  engineers  (Korve,  1994a)  guided  the  assignment  of  signal  type  at  each  intersection. 
Signal  type  conditions  assigned  in  this  analysis  are  presented  in  Table  5-9. 

Vehicle  arrival  type  describes  the  general  way  in  which  the  vehicle  platoon  arrives  at  an 
intersection.  The  five  arrival  types  are  (EPA,  1992b): 

1 = worst  platoon  condition  (dense  platoon  arriving  at  the  beginning  of  the  red  phase); 

2 = unfavorable  platoon  condition  (dense  or  dispersed  platoon  arriving  during  the  red 

phase); 

3 = average  condition  (random  arrivals); 

4 = moderately  favorable  platoon  condition  (dense  or  dispersed  platoon  arriving  during  the  green 

phase);  and 

5 = most  favorable  platoon  condition  (dense  platoon  arriving  at  the  beginning  of  the  green  phase). 
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Table  5-9 

Intersection  Signal  Type  and  Arrival  Type 


North/South  Street  - East/West  Street 

Signal  Type^1) 

A.M./P.M.  Arrival  Type^2) 
NB  SB  EB 

WB 

El  Camino  Real/Hickey  Boulevard 

2 

3/3 

3/3 

3/3 

3/3 

Sneath  Lane/I-280  SB  ramps 

2 

3/3 

3/3 

3/3 

3/3 

Mission  Road/Evergreen  Drive 

NA(6) 

NA 

NA 

NA 

NA 

Mission  Road/“new  street” 

NA 

NA 

NA 

NA 

NA 

El  Camino  Real/“new  street” 

2 

3/3 

3/3 

- 

3/3 

Mission  Road/Grand  Avenue 

NA 

NA 

NA 

NA 

NA 

Chestnut  Avenue/Grand  Avenue 

2 

3/3 

3/3 

3/3 

3/3 

Mission  Road/Oak  Avenue^3) 

2 

3/3 

3/3 

3/3 

3/3 

El  Camino  Real/ Arroyo  Drive 

1 

5/4 

4/5 

3/3 

3/3 

Junipero  Serra  Blvd./Westborough 

2 

3/3 

3/3 

3/3 

3/3 

El  Camino  Real/Westborough 

1 

5/4 

4/5 

3/3 

3/3 

El  Camino  Real/So.  Spruce  Avenue 

1 

5/4 

4/5 

3/3 

3/3 

El  Camino  Real/Sneath  Lane 

1 

5/4 

4/5 

3/3 

3/3 

Huntington  Avenue/Sneath  Lane(4) 

2 

3/3 

3/3 

3/3 

3/3 

El  Camino  Real/San  Bruno  Avenue 

1 

5/4 

4/5 

3/3 

3/3 

San  Mateo  Avenue/San  Bruno  Avenue 

2 

3/3 

3/3 

3/3 

3/3 

2nd  Avenue/San  Bruno  Avenue^5) 

NA 

NA 

NA 

NA 

NA 

San  Mateo  Avenue/Huntington  Avenue 

2 

3/3 

3/3 

3/3 

3/3 

Huntington  Avenue/ Angus  Avenue 

NA 

NA 

NA 

NA 

NA 

El  Camino  Real/Center  Street 

1 

5/4 

4/5 

3/3 

3/3 

El  Camino  Real/Millbrae  Avenue 

2 

3/3 

3/3 

3/3 

3/3 

Rollins  Road/Millbrae  Avenue 

1 

5/4 

4/5 

3/3 

3/3 

El  Camino  Real/Murchison  Drive 

2 

3/3 

3/3 

3/3 

3/3 

California  Drive/Broadway 

2 

3/3 

3/3 

3/3 

3/3 

Notes: 

1)  Signal  type:  1 = pretimed; 

2 = actuated;  and 

3 = semiactuated. 

2)  Arrival  type:  1 = worst  platoon  condition; 

2 = unfavorable  platoon  condition; 

3 = average  condition; 

4 = moderately  favorable  platoon  condition;  and 

5 = most  favorable  platoon  condition. 

3)  Mission  Road/Oak  Avenue  is  signalized  under  Alternative  III  only. 

4)  Huntington  Avenue/Sneath  Lane  is  signalized  under  the  proposed  project,  Alternative  III,  and  Alternative  VI  only. 

5)  2nd  Avenue/San  Bruno  Avenue  is  signalized  under  Alternatives  IV,  V,  and  VI,  and  Design  Option  V-B  only. 

6)  NA  means  not  applicable;  intersection  is  not  signalized. 
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The  default  condition,  average  (random),  was  specified  at  all  intersections  not  considered  to  be 
part  of  a coordinated  signal  system.  Moderately  favorable  or  most  favorable  conditions  were 
specified  at  those  intersections  known  to  have  synchronized  signals  resulting  in  favorable  vehicle 
progression.  Direct  input  from  the  project  traffic  engineers  (Korve,  1994b)  guided  the 
assignment  of  arrival  type  at  each  intersection.  Arrival  type  conditions  assigned  in  this  analysis 
are  presented  in  Table  5-9. 

Unsignalized  Intersections 

Unsignalized  intersection  traffic  data  were  provided  by  PBQ&D  (1994b).  These  data  consisted 

of: 


• intersection  lane  configuration; 

• traffic  movement  volumes;  and 

• LOS  designation  for  each  critical  movement. 

CALINE4.  CALINE4  was  the  preferred  model  for  this  type  of  intersection,  based  on  the  goal  of 
consistency  with  the  earlier  analysis  in  the  AA/DEIS/DEIR.  However,  geometry  constraints,  as 
described  in  Section  5.5.2,  dictated  the  use  of  CAL3QHC  in  every  case. 

CAL3QHC.  By  default,  CAL3QHC  was  employed  for  local  CO  analysis  at  unsignalized 
intersections.  However,  the  CAL3QHC  queue  link  variables,  such  as  signal  cycle  duration,  red 
time  duration,  signal  type,  and  so  on,  are  not  compatible  with  unsignalized  intersection  analysis. 
Therefore,  vehicle  queues  at  unsignalized  intersections  were  instead  modeled  with  free  flow 
links.  Input  variables  assigned  to  normal  free  flow  links,  i.e.,  those  free  flow  links  not 
representing  vehicle  queues,  were  determined  according  to  the  procedures  discussed  above  for 
signalized  intersections.  The  procedures  followed  in  modeling  vehicle  queues  with  free  flow 
links  are  described  below.  The  traffic-related  inputs  for  these  “queue”  links  consisted  of  traffic 
volume  (veh/hr),  emission  factor  (g/veh-mi),  and  length. 

Traffic  volumes  on  “queue”  links  were  obtained  from  PBQ&D  (1994b). 
Emission  factors  were  calculated  with  the  compositing  program  ENV028F  from  EMFAC7F 
impact  rates,  as  discussed  in  Section  5.5.3.  The  3-mph  emission  factors  (g/veh/mi)  were 
assigned  to  the  “queue”  links;  the  3-mph  factors  are  the  distance-rate  equivalent  of  the  idling 
emission  factors. 

Length  of  “queue”  links  at  unsignalized  intersections  were  determined  using  the  procedures 
given  in  Chapter  10  of  the  1994  Highway  Capacity  Manual  (HCM)  (FTA,  1993a).  The 
unsignalized  intersection  capacity  analysis  presented  in  the  1994  HCM  is  too  lengthy  to  be 
repeated  here,  however,  the  procedure  is  briefly  summarized  as  follows: 

1 ) determine  the  potential  capacity  of  each  critical  traffic  movement; 

2)  calculate  the  actual  capacity  of  each  critical  movement,  considering  conflicting  traffic 
volumes; 

3)  calculate  the  average  stopped  delay  for  each  critical  movement  as  a function  of 
movement  volume  and  capacity;  and 

4)  determine  vehicle  queue  length  as  a function  of  volume  to  capacity  ratio  and  approach 
volume. 
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The  length  of  each  “queue”  link  was  calculated  by  multiplying  the  number  of  queued  vehicles,  as 
predicted  with  the  above  method,  by  25  feet  per  vehicle.  This  length  per  vehicle  is  representative 
of  those  reported  by  Messer  and  Fambro  and  by  Herman  et  al.,  as  referenced  by  Bonneson 
(1992). 

All-Way  Stop  Intersections  - CALINE4  Inputs 

All-way  stop  intersection  traffic  data  were  provided  by  PBQ&D  (1994c).  These  data  consisted 
of: 

• intersection  lane  configuration; 

• traffic  movement  volumes;  and 

• LOS  designation  for  the  intersection  as  a whole. 

CALINE4  was  the  preferred  model  for  local  CO  analysis  of  all-way  stop  intersections  and  was 
employed  at  every  such  intersection. 

There  are  essentially  two  types  of  CALINE4  links:  non-intersection  links  and  intersection  links. 
The  input  variables  associated  with  non-intersection  links  were  determined  according  to  the 
procedures  discussed  above  for  signalized  intersections.  This  section  discusses  the  adaptation  of 
the  CALINE4  intersection  link  option  for  modeling  vehicle  queues  at  all-way  stop  intersections. 

The  traffic-related  CALINE4  intersection  link  variables  of  cruise  speed,  deceleration  and 
acceleration  times,  approach  and  depart  volumes,  and  composite  emission  factors  were 
determined  according  to  the  procedures  discussed  above  for  signalized  intersections.  The 
remaining  parameters  describe  the  queuing,  or  vehicle  delay,  conditions  at  the  intersection: 
maximum  and  minimum  vehicle  idle  times,  number  of  vehicles  handled  per  cycle,  and  number  of 
vehicles  delayed  per  cycle.  The  procedures  followed  for  calculating  these  values  at  an  all-way 
stop  intersection  are  discussed  below. 


The  all-way  stop  intersection  was  treated  as  an  over-capacity  situation,  with  the  number  of 
vehicles  handled  per  cycle,  NCYC,  equal  to  one  (only  one  vehicle  clears  the  stop  line  at  a time) 
and  the  number  of  vehicles  delayed  per  cycle,  NDLA,  equal  to  the  number  of  vehicles  queued  at 
the  stop  sign.  A very  simple  estimate  of  the  number  of  vehicles  delayed  at  the  stop  sign  was 
made  from: 


NDLA  = 


VPHL  x 3 x n 
3600 


(5-11) 


where: 

3 = time  required  for  one  vehicle  to  clear  intersection  (s/appr); 
n = number  of  approaches  (appr);  and 
3600  = conversion  factor  (s/hr). 

Equation  5-11  assumes  that  a vehicle  requires  three  seconds  to  accelerate  from  the  stop  line  and 
clear  the  intersection.  This  value  was  recommended  by  the  project  traffic  engineer  (Korve, 
1994d).  The  longest  possible  wait  at  the  stop  line  is  therefore  three  seconds  times  the  number  of 
approaches;  Equation  5-11  calculates  the  number  of  vehicles  that  arrive  during  this  period,  based 
on  the  approach  volume.  Note  that  the  equation  is  technically  not  valid  if  the  queue  length 
exceeds  one  vehicle;  however,  the  approach  volumes  at  every  all-way  stop  intersection 
considered  in  this  analysis  were  so  low  that  the  value  of  NDLA  calculated  by  Equation  5-11 
never  exceeded  one  vehicle,  and  therefore  no  error  was  incurred. 
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The  maximum  vehicle  idle  time,  IDT1,  was  calculated  on  the  basis  that  a vehicle  must  wait 
3 times  n seconds  for  every  vehicle  in  the  queue,  including  itself: 

IDT1  = NDLA  x3xn  (5-12) 

Under  steady  state  conditions,  every  vehicle  on  a given  approach  experiences  the  same  delay. 
Therefore,  the  minimum  vehicle  idle  time,  IDT2,  was  set  equal  to  IDT1: 


IDT1  = NDLA  x3x  n 


(5-13) 


where: 

IDT2  = minimum  vehicle  idle  time  (s). 

All-Way  Stop  Intersections  - CAL3QHC  Inputs 

CAL3QHC  was  not  employed  for  local  CO  impacts  analysis  at  any  all-way  stop  intersections. 

5.5.7  Receptor  Locations 

In  California,  past  NEPA/CEQA  microscale  CO  analyses  of  traffic  intersections  have  placed 
receptors  at  actual  sensitive  receptor  locations  such  as  nearby  residential  areas,  schools, 
hospitals,  etc.  The  MTC  project  sponsor  guidance  for  Resolution  No.  2270  (MTC,  1991b)  and 
draft  conformity  analysis  guidance  (MTC,  1994)  recommend  placement  of  receptors  at  actual 
sensitive  receptor  locations. 

Sensitive  receptor  locations  along  the  BART  project  corridor  include  residential  areas,  with 
children  and/or  elderly.  Residential  areas  are  located  near  a number  of  the  traffic  intersections 
and  BART  station  parking  facilities  in  the  project  corridor.  The  closest  residential  receptor 
location  to  any  modeled  intersection  is  a residential  building  at  the  corner  of  Grand  and  Chestnut 
Avenues.  Other  sensitive  receptor  locations  are  the  El  Camino  High  School,  located 
immediately  northeast  of  the  intersection  of  Mission  Road  and  Evergreen  Avenue,  and  the  Kaiser 
Permanente  Medical  Center,  near  the  intersection  of  Mission  Road  and  Grand  Avenue. 

The  EPA,  however,  in  Guideline  for  Modeling  Carbon  Monoxide  from  Roadway  Intersections 
(EPA,  1992a),  instead  recommends  placement  of  receptors  at  artificial  locations  on  each  side  of 
the  approach  and  depart  links  for  the  intersection  of  interest.  The  EPA  final  conformity  rule 
references  this  document  as  appropriate  guidance  for  localized  CO  impact  modeling. 

For  this  analysis,  an  artificial  receptor  placement  scheme  was  selected,  following  current  EPA 
guidance.  The  planned  use  of  artificial  receptors  was  documented  in  the  air  quality  impact 
analysis  protocol  submitted  for  agency  review  (Ogden,  1993  and  1994);  the  BAAQMD  was 
supportive  of  this  strategy  in  their  review  comments.  The  rationale  for  artificial  receptor 
placement  was  twofold.  First,  the  use  of  artificial  receptors  represents  a conservative  (i.e.,  worst 
case)  analysis  of  each  intersection.  The  receptor  placement  strategy,  described  below,  was 
intentionally  designed  to  ensure  that  the  worst-case  CO  impact  locations  at  each  intersection 
were  modeled.  Actual  sensitive  receptor  locations  will  have  lesser  CO  impacts  than  the  specified 
artificial  locations,  due  to  increased  distance  from  the  intersection  of  interest.  Second,  the 
consistent  placement  of  artificial  receptors  allows  proper  comparison  of  predicted  impacts  under 
different  BART  alternatives  and  at  different  intersections. 

The  CALINE4  receptor  placement  methodology  was  developed  from  current  EPA  guidance  and 
from  experimental  determination  of  the  location  of  maximum  CO  concentrations.  Twenty 
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receptors  were  employed  for  each  CALINE4  run  (the  maximum  number  permitted),  five  per 
quadrant.  All  receptors  were  located  15  feet  from  the  edge  of  the  traveled  way.  In  each 
quadrant,  receptors  were  placed  along  the  approach  leg  at  distances  equal  to  15  feet,  25  meters, 
and  50  meters  from  the  cross  street.  The  fourth  receptor  in  each  quadrant  was  placed  along  the 
approach  leg  at  the  end  of  the  vehicle  queue.  The  absolute  location  of  this  “floating”  receptor 
changed  with  each  run;  the  position  relative  to  the  vehicle  queue  was  held  constant.  The 
remaining  receptor  in  each  quadrant  was  positioned  along  the  cross  street,  at  a distance  equal  to 
25  meters  from  the  approach  leg.  The  CALINE4  receptor  placement  methodology  is  illustrated 
in  Figure  5-2. 

The  CAL3QHC  receptor  placement  scheme  includes  the  CALINE4  receptor  locations  described 
above,  plus  an  additional  10  receptors  per  quadrant  for  a total  of  60  (the  maximum  number 
allowed).  Additional  fixed  receptors  were  placed  along  each  approach  leg  at  distances  equal  to 
37.5  and  62.5  meters  from  the  cross  street,  and  along  each  depart  leg  at  distances  equal  to  25, 
37.5,  50,  and  62.5  meters  from  the  cross  street.  Additional  floating  receptors  were  placed  along 
the  approach  leg  at  distances  equal  to  0.50,  0.75,  and  1.25  times  the  vehicle  queue  length, 
measured  from  the  stop  line.  The  CAL3QHC  receptor  placement  methodology  is  illustrated  in 
Figure  5-3. 

5.5.8  Impact  Estimation 

“Net”  and  “cumulative”  worst-case  1-hour  and  8-hr  average  concentrations  were  estimated  at  24 
roadway  intersections  under  A.M.  and  P.M.  peak  traffic  conditions  in  each  forecast  year. 
Estimation  of  net  and  cumulative  concentrations  is  described  below. 

Net  and  Cumulative  Definitions 

For  a given  intersection,  BART  build  alternative,  analysis  year,  and  peak  hour,  net  or 
“BART-only”  concentration  is  defined  as  the  highest  predicted  CO  concentration  (not  including 
background)  at  any  receptor  location  minus  the  predicted  CO  concentration  under  the  TSM 
Alternative  at  the  same  receptor  location,  plus  the  ambient  background  concentration.  The 
rationale  for  this  approach  to  calculating  BART-only  concentration  is  that  the  traffic  attributable 
to  normal  background  growth  and  that  attributable  to  the  TSM  Alternative  are  already  implicitly 
included  in  the  traffic  data  for  each  BART  build  alternative.  Thus,  the  model  output  for  any 
BART  build  alternative  actually  represents  the  cumulative  concentration  resulting  from  BART, 
TSM,  and  normal  background  traffic,  rather  than  the  BART-only  traffic.  The  net  CO  calculation 
isolates  the  BART-only  incremental  CO  concentration  by  subtracting  the  concentration 
attributable  to  non-BART  traffic. 

For  a given  intersection,  alternative,  analysis  year,  and  peak  hour,  cumulative  concentration  is 
defined  as  the  highest  predicted  CO  concentration  (not  including  background)  plus  the  ambient 
background  concentration.  Therefore,  for  any  BART  build  alternative,  the  cumulative 
concentration  represents  the  total  CO  concentration,  incorporating  the  contributions  from  normal 
background  traffic,  traffic  attributable  to  the  TSM  Alternative,  and  traffic  attributable  specifically 
to  that  BART  build  alternative. 

One-hour  Average  Concentrations 

Worst-case  1-hour  average  CO  concentrations  were  estimated  using  the  CALINE4  or  CAL3QHC 
microscale  air  quality  model  as  described  above.  Given  traffic  data,  intersection  geometry,  CO 
emission  factors,  and  default  meteorological  data  as  input,  both  models  produce  worst-case 
1-hour  average  CO  concentrations  at  specified  receptor  locations  for  a given  roadway 
intersection.  The  direct  model  output  does  not  include  the  background  CO  concentration. 
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For  a given  intersection,  alternative,  analysis  year,  and  peak  hour,  the  1-hour  cumulative 
concentration  was  calculated  by  adding  the  1-hour  average  CO  concentration  at  the  worst-case 
receptor  (i.e.,  the  highest  model-predicted  concentration)  to  the  1-hour  background  CO  value 
specific  to  that  forecast  year: 

Cc.,.h=C,.ht  + B,.hl  (5-14) 

where: 

Cc  i_hr  = worst-case  cumulative  1 -hour  concentration  (ppm); 

Cj_hr  = one-hour  concentration  at  worst-case  receptor  (ppm);  and 
Bj.hr  = one-hour  background  concentration  for  given  year  (ppm). 

The  resultant  value  represents  the  worst-case  curbside  CO  concentration  predicted  to  occur  at 
that  intersection  at  any  location,  including  nearby  sensitive  receptor  locations,  over  a 1-hour 
averaging  period,  considering  background  CO  levels,  background  traffic-related  CO  emissions, 
and  BART-specific  traffic  emissions.  The  cumulative  concentration  estimate  is  compared 
against  the  1-hour  average  CO  ambient  air  quality  standard  to  determine  if  the  project,  in 
conjunction  with  other  existing  conditions,  will  contribute  to  any  exceedance  of  the  standard. 

For  a given  intersection,  BART  build  alternative,  analysis  year,  and  peak  hour,  the  1-hour  net 
concentration  was  calculated  as  the  predicted  1-hour  average  CO  concentration  at  the  worst-case 
receptor  less  the  predicted  1-hour  average  CO  concentration  under  the  TSM  Alternative  at  the 
same  receptor  location;  the  difference,  representing  the  concentration  specifically  attributable  to 
BART  traffic,  was  added  to  the  1-hr  background  CO  concentration  for  that  forecast  year: 

Cn,  I -hr  = (C].hr  “ ^TSM,  j.hr  ) + ^l-hr  (5"15) 

where: 

CNt  i_hr  = worst-case  net  1 -hour  concentration  (ppm); 

Cj.hr  = one-hour  concentration  at  worst-case  receptor  (ppm); 

CTsm,  i-hr = one-hour  concentration  under  TSM  alternative  at  the  same  receptor 
(ppm);  and 

B].hr  = eight-hour  background  concentration  for  given  year  (ppm). 

This  approach  resulted  in  the  highest  (most  conservative)  estimate  of  the  BART-only  CO 
concentration.  The  net  concentration  is  compared  against  the  1-hour  average  CO  ambient  air 
quality  standard  in  the  NEPA/CEQA  analysis  to  determine  if  the  project,  by  itself,  will  contribute 
to  any  exceedances  of  the  standard. 

Eight-hour  Average  Concentrations 

Worst-case  8-hour  average  concentrations  were  predicted  from  the  1-hour  results  using  a 
persistence  factor  approach,  as  recommended  by  EPA  (1992a).  The  persistence  factor  represents 
the  relationship  between  1-hour  and  8-hour  average  concentrations  at  a specific  location, 
considering  local  meteorological  and  background  conditions. 

For  a given  intersection,  alternative,  analysis  year,  and  peak  hour,  the  8-hour  cumulative 
concentration  was  calculated  from: 
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CC,  8-hr  ~ Q-hr  X PF  + B; 


(5-16) 


where: 

Cc  g.hr  = worst-case  cumulative  8-hour  concentration  (ppm); 

C].hr  = one-hour  concentration  at  worst-case  receptor  (ppm); 

PF  = persistence  factor  (unitless);  and 
B8_hr  = eight-hour  background  concentration  for  given  year  (ppm). 

Section  4.7.2  of  Guideline  for  Modeling  CO  from  Roadway  Intersections  (EPA,  1992a) 
recommends  a default  value  of  0.7  for  the  persistence  factor  when  no  local  monitoring  data  are 
available.  However,  the  guideline  states  that  “if  a persistence  factor  other  than  0.7  is  obtained 
through  the  use  of  monitored  data  in  a local  area,  it  should  be  used  rather  than  0.7.” 

For  this  analysis,  a local  persistence  factor  of  0.59  was  used  to  estimate  worst-case  8-hour 
concentrations.  This  value  was  obtained  from  the  Caltrans  publication  Development  of 
Worst-Case  Meteorological  Criteria  (Caltrans,  1985),  which  presents  persistence  factor  data  for 
specific  locations  throughout  California.  The  methodology  used  by  Caltrans  to  develop 
location-specific  persistence  factors  closely  matches  the  EPA-recommended  approach,  and  the 
data  set  used  by  Caltrans  was  significantly  larger  than  the  minimum  set  recommended  by  EPA. 
Although  the  California  Data  Set  used  in  the  Caltrans  analysis  is  somewhat  older  than 
recommended  by  the  EPA,  it  encompasses  more  than  1 12  station-years  of  observations  and 
shows  little  variation  in  local  persistence  factors  from  year-to-year. 

The  persistence  factor  of  0.59  was  calculated  by  Caltrans  from  data  collected  at  the  Redwood 
City  monitoring  location.  Use  of  the  Redwood  City  persistence  factor  is  consistent  with  the  use 
of  Redwood  City  data  for  definition  of  local  background  CO  levels,  as  discussed  in  Section  5.3. 
Additionally,  this  value  is  consistent  with  the  value  of  0.58  provided  for  the  San  Francisco  Bay 
Area  as  a whole,  calculated  using  data  from  17  stations. 

For  a given  intersection,  BART  build  alternative,  analysis  year,  and  peak  hour,  the  8-hour  net 
concentration  was  calculated  from: 

Cn,  g.hr  = (C]-hr  “ Ctsm.  ,_hr ) x PF  + B8_hr  (5- 1 7) 

where: 

CN,  g-hr  = worst-case  net  8-hour  concentration  (ppm); 

C]_hr  = one-hour  concentration  at  worst-case  receptor  (ppm); 

CTsm,  i-hr  = one-hour  concentration  under  TSM  Alternative  at  the  same  receotor 
(ppm); 

PF  = persistence  factor  (unitless);  and 
Bg.hr  = eight-hour  background  concentration  for  given  year  (ppm). 

The  net  concentration  is  compared  against  the  8-hour  average  CO  ambient  air  quality  standard  in 
the  NEPA/CEQA  analysis  to  determine  if  the  project,  by  itself,  will  contribute  to  any 
exceedances  of  the  standard. 
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5.6  Parking  Area  Analysis  Methodology 


This  section  describes  the  methodology  for  the  microscale  CO  analysis  conducted  to  assess 
project-related  localized  CO  impacts  in  the  vicinity  of  BART  parking  lots  or  structures  at  new 
stations  in  the  project  corridor.  Parking  lot  impact  analysis  is  not  specifically  required  by  the 
EPA  conformity  rules  at  40  CFR  93,  nor  by  MTC  Resolution  No.  2270.  Nonetheless, 
BART-related  CO  impacts  were  estimated  for  the  anticipated  worst-case  parking  lot  and  analysis 
year  for  each  BART  build  alternative,  at  the  suggestion  of  the  BAAQMD  and  for  completeness 
in  the  NEPA/CEQA  analysis.  The  sections  below  describe  the  rationale  for  the  selection  of  the 
parking  lots  included  in  the  analysis  and  for  the  selection  of  the  microscale  dispersion  model 
used.  The  technical  methodology  for  estimating  vehicular  CO  emission  rates,  establishing 
receptor  locations,  establishing  other  model  inputs,  and  executing  the  model  follow.  In  general, 
the  assumptions  made  in  the  parking  lot  analysis  were  conservative,  selected  to  represent 
worst-case  conditions.  The  resulting  CO  concentrations  correspondingly  represent  worst-case 
predictions  of  impacts. 

5.6.1  Selection  of  Parking  Areas  and  Analysis  Year 

The  original  Air  Quality  Analysis  Protocol  (Ogden,  1993)  did  not  include  impact  analysis  in  the 
immediate  vicinity  of  BART  parking  lots.  (That  document  outlined  the  intended  analysis 
methodology,  and  was  submitted  to  local  regulatory  agencies  for  review  at  the  outset  of  the 
environmental  analysis.)  Based  on  comments  received  from  the  BAAQMD,  BART  opted  to 
complete  a worst-case  air  quality  impact  analysis  for  the  parking  lots  and  analysis  year 
anticipated  to  cause  the  worst-case  (highest)  localized  CO  impacts. 

Only  parking  areas  proposed  under  BART  build  alternatives  were  considered  in  this  analysis, 
since  the  BART-related  impacts  at  currently  non-existent  stations  will  be  greater  than  those  at 
existing  station  parking  areas  that  may  result  from  changes  in  traffic  patterns.  The  1993  analysis 
base  year  was  not  considered,  as  new  parking  lots  associated  with  the  BART  build  alternatives 
are  not  in  existence.  For  each  BART  build  alternative,  the  traffic  analysts  provided  worst-case 
vehicular  data  for  new  parking  lots  in  the  form  of  total  vehicle  arrival  estimates  for  the  A.M. 
peak  hour  and  total  vehicle  departure  estimates  for  the  P.M.  peak  hour.  Data  were  provided  by 
the  traffic  analysts  for  the  1998  forecast  year  only,  based  on  1)  the  sharp  decrease  in  predicted 
vehicular  CO  emission  rates  in  the  later  forecast  years  (2000  and  2010),  and  2)  the  relatively 
small  increase  in  predicted  BART  station  traffic  in  the  later  forecast  years,  based  on  review  of 
preliminary  estimates  of  peak  hour  data  for  all  forecast  years  for  a subset  of  the  parking  lots.  The 
rationale  for  selecting  the  1998  forecast  year  for  parking  lot  analysis  is  discussed  further  below. 

Vehicular  CO  emission  rates  are  estimated  by  EMFAC7  to  decline  in  future  years,  largely  due  to 
the  continual  introduction  of  new,  low-emitting  vehicles  (due  to  stricter  emissions  standards, 
cleaner-burning  fuels,  advances  in  control  technology,  etc.)  and  the  phasing-out  of  older, 
higher-emitting  vehicles.  Estimated  CO  emission  rates  are  substantially  higher  in  1998  than  in 
years  2000  and  2010.  Preliminary  traffic  data  did  not  show  substantial  increase  in  traffic 
volumes  at  BART  parking  areas  in  future  years.  The  sharp  reduction  in  CO  emission  rates  in 
future  years  is  expected  to  outweigh  the  estimated  BART-related  increases  in  vehicular  traffic  at 
the  station  parking  areas,  resulting  in  a reduction  of  total  mass  emissions  of  CO  from  parking 
lot-related  traffic.  This  analysis  is  supported  by  the  results  of  the  intersection-level  modeling, 
which  predicts  CO  impacts  to  decline  in  future  years  even  as  traffic  increases.  Therefore,  1998 
was  selected  as  the  predicted  worst-case  year  for  parking  area  impacts.  The  CO  impacts  for 
future  years  would  be  expected  to  be  lower,  and  therefore  no  analysis  was  completed  for  those 
years. 
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To  identify  the  anticipated  worst-base  parking  lot  for  each  BART  build  alternative,  the  traffic 
data  were  examined  in  conjunction  with  each  preliminary  parking  lot  design  as  provided  by  Bay 
Area  Traffic  Consultants  (BATC)  (1993  and  1994).  The  largest  parking  lots  or  structures  with 
the  greatest  volume  of  associated  traffic  were  selected  for  analysis,  with  traffic  volume  being  the 
overriding  consideration.  It  is  reasonable  to  assume  that  this  combination  would  represent  the 
worst-case  scenario  for  air  quality  impacts.  Table  5-14  shows  the  parking  areas  evaluated  for 
each  alternative  and  includes  the  associated  peak-hour  traffic  data  used  in  the  analysis.  The  total 
vehicle  counts  include  traffic  in  the  “kiss-and-ride”  areas,  in  addition  to  the  traffic 
entering/leaving  the  commuter  parking  areas. 

5.6.2  Dispersion  Model  Selection  and  Description 

CAL3QHC  was  designed  by  the  EPA  specifically  for  estimation  of  impacts  in  the  vicinity  of 
intersections  or  free-flow  roadway  links  (such  as  highway  segments),  and  is  not  suitable  for 
modeling  emissions  from  an  area  source  such  as  a parking  garage  or  lot.  Although  Caltrans  has 
published  guidance  to  adapt  CALINE4  for  parking  lot  analysis  (Caltrans,  1989b),  CALINE4  is 
limited  by  the  number  of  links  allowed  as  input  and  therefore  is  arguably  inadequate  to  model 
large,  multilevel  structures  such  as  those  in  this  analysis.  Caltrans  recommends  ISC2  as  an 
alternative. 

The  ISC2  model  (short-term  version)  is  an  EPA-approved  air  quality  dispersion  model  included 
in  the  Guideline  on  Air  Quality  Models,  Revised  (EPA,  1987).  The  latter  document  is  referenced 
as  the  appropriate  modeling  guidance  in  the  EPA  conformity  regulation.  ISC2  was  designed  to 
allow  both  ground-level  and  elevated  area  emission  sources  (such  as  parking  lots  or  garages)  to 
be  modeled,  whereas  both  CAL3QHC  and  CALINE4  must  treat  an  area  as  a series  of  line 
sources.  ISC2  also  accepts  long-term  sets  of  site-specific  hourly  meteorological  data,  more 
accurately  reflecting  site-specific  meteorological  conditions  and  source/receptor  relationships, 
especially  over  an  8-hour  averaging  period.  Therefore,  ISC2  was  selected  as  the  most 
appropriate  model  for  use  in  this  analysis. 

The  user  describes  the  physical  conditions  to  be  modeled  with  input  variables  that  specify  the 
vehicular  CO  emission  rate,  site-specific  meteorological  conditions,  geometry  of  the  parking  lot 
emission  source(s),  and  the  location  of  receptors  at  which  impacts  are  to  be  estimated.  This  input 
data  are  used  by  the  model  to  calculate  worst-case  impacts  for  user-specified  averaging  periods  at 
each  receptor  point.  Eight-hour  averaging  times  were  specified  for  this  analysis. 

5.6.3  Vehicular  Emission  Rates 

Vehicular  CO  emission  rates  (g/s/m2)  were  calculated  from  EMFAC7F  impact  rates  using  the 
methodology  presented  in  Section  6.3  of  CALINE4  - A Dispersion  Model  for  Predicting  Air 
Pollutant  Concentrations  Near  Roadways  (Caltrans,  1989b).  This  procedure  accounts  for  the 
excess  transient  CO  emissions  produced  by  vehicles  in  the  start-up  phase,  as  described  in 
Section  5.5.3. 

The  vehicle  category  mix  at  BART  parking  areas  was  assumed  to  consist  solely  of  light-duty 
automobiles  and  light-duty  trucks,  in  the  same  relative  proportions  as  occurring  in  the  San  Mateo 
County  VMT  data  provided  in  Table  5-6.  All  vehicles  were  assumed  to  be  in  cold  start  transient 
mode;  this  assumption  is  discussed  futher  in  the  following  paragraph.  Other  emission  factor 
assumptions  (temperature,  season,  and  I/M  designation)  were  consistent  with  those  made  in  the 
calculation  of  composite  CO  factors  for  roadway  intersection  modeling,  as  described  in 
Section  5.5.3. 
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All  vehicles  at  the  BART  parking  area  were  assumed  to  be  operating  in  cold  start  transient  mode. 
As  described  in  Section  5.5.3,  cold  start  transient  emissions  are  considerably  higher  than  hot 
stabilized  (warmed  up)  emissions;  therefore,  the  assumption  made  here  that  100  percent  of  the 
parking  area  vehicles  are  operating  in  cold  start  mode  is  most  conservative.  The  fraction  of 
transient  starting  emissions  that  occur  within  the  parking  area  (as  opposed  to  the  fraction  that 
occurs  after  the  vehicle(s)  leave  the  parking  area)  is  a function  of  vehicle  egress  time.  The 
estimated  egress  time  from  each  parking  area  was  based  on  the  assumption  of  1)  a 30-second 
idling  period,  2)  travel  at  5 mi/hr  from  the  most  remote  area  of  the  parking  structure/lot  to  the 
exit,  and  3)  a 15-second  delay  at  the  exit.  Composite  CO  emission  rates  (g/veh  exit)  were 
calculated  from  Equation  6-20  in  CALINE4  - A Dispersion  Model  for  Predicting  Air  Pollutant 
Concentrations  Near  Roadways. 

Carbon  monoxide  emission  rates  (g/s/m2)  required  as  ISC2  input  were  calculated  from  the 
per-exit  rates  described  above,  the  peak-hour  exiting  traffic  volume  as  provided  by  the  traffic 
consultant,  and  the  size  (area)  of  the  parking  structure  or  lot.  Conservatively,  the  CO  emission 
rates  corresponding  to  peak-hour  exit  volumes  were  assumed  constant  over  the  entire  8-hour 
averaging  period. 

5.6.4  Meteorological  Data 

Meteorological  data  are  required  as  input  to  the  ISC2  model.  For  this  analysis,  1991  and  1992 
hourly  meteorological  data  sets  from  the  SFIA  were  obtained  from  the  EPA  (1994c).  To  select 
the  worst-case  data  set  for  use  in  subsequent  model  runs,  both  sets  were  input  independently  for  a 
test -case  parking  lot  with  other  required  inputs  held  constant.  The  data  set  generating  worst-case 
8-hour  average  impacts  was  selected  for  subsequent  use  in  all  other  model  runs. 

5.6.5  Traffic-Related  Inputs 

No  direct  traffic-related  input  variables  are  required  for  the  ISC2  analysis.  Traffic  data  are  used 
only  to  estimate  total  vehicular  CO  emissions  during  the  peak  hour  (described  above).  The  total 
rate  is  then  adjusted  using  lot-specific  configuration  and  the  appropriate  unit  conversions  to  the 
required  emission  rate  form  for  input  to  the  model. 

5.6.6  Parking  Area  Geometry 

The  ISC2  model  requires  that  each  parking  lot  area  source  be  represented  as  a square  (or  a series 
of  squares).  Area  source  geometry  is  specified  by  the  user  by  giving  the  model  coordinates  of 
each  corner  of  the  area  relative  to  a known  and  consistent  origin  point,  and  specifying  the  length 
of  the  side.  Alternative-specific  BATC  design  drawings  of  each  parking  were  used  to  develop 
the  model  inputs  to  approximate  actual  lot  configurations  as  closely  as  possible.  For 
multiple-story  structures,  each  floor  was  modeled  as  a separate  source  with  a source  elevation 
reflecting  the  actual  structure  design  specified  as  input,  using  data  provided  by  BATC. 

5.6.7  Receptor  Locations 

Site-specific  artificial  receptor  locations  were  established  for  each  parking  lot  modeled.  As  with 
the  intersection-level  analysis,  no  specific  sensitive  receptors  were  included.  The  analysis  was 
designed  to  identify  the  site-specific  worst-case  impact  location;  by  definition,  the  CO 
concentrations  likely  to  occur  at  actual  sensitive  receptor  locations  would  be  less  than  those 
predicted  in  this  analysis. 

For  each  specific  alternative/lot  combination,  a receptor  grid  with  a 20-meter  grid  spacing  was 
established  around  the  area  source  representing  the  parking  lot,  with  the  closest  receptors  located 
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approximately  two  meters  away  from  the  outside  limit  of  the  parking  lot  or  structure.  These 
closest  receptor  locations  were  intended  as  a reasonable  approximation  of  actual  future  sidewalk 
locations  since  no  final  design  data  was  available  showing  sidewalk  placements.  Receptor  height 
was  specified  as  five  feet  to  represent  the  breathing  zone;  this  height  corresponds  to  that  used  in 
the  intersection-level  analysis.  The  remaining  grid  receptors  were  placed  with  the  intention  of 
ensuring  that  the  worst-case  impact  location  was  included,  as  a conservative  approach. 

5.6.8  Model  Sensitivity  to  Input  Assumptions 

Specific  observations  regarding  the  effects  of  certain  input  assumptions  on  model  results  in  this 
application  are  described  below. 

The  assumption  that  vehicular  emissions  are  evenly  distributed  throughout  the  hour  does  not 
affect  the  accuracy  of  the  model  nor  result  in  under-prediction  of  impacts,  because  the  model 
averages  the  concentrations  over  each  hour. 

Peak-hour  traffic  conditions  were  assumed  to  persist  throughout  the  8-hour  averaging  period. 
This  conservative  assumption  results  in  an  over-prediction  of  impact,  since  in  reality  less  traffic 
is  present  in  off-peak  hours. 

The  model  algorithm  internally  identifies  the  worst-case  8-hour  time  period  based  on 
meteorological  conditions  and  source/receptor  geometry,  under  the  assumption  that 
traffic-related  emissions  are  constant  as  described  above.  The  worst-case  8-hour  average  time 
period  may  not,  in  fact,  correspond  with  the  hours  during  which  traffic  is  actually  heaviest,  and 
therefore  this  approximation  likely  results  in  a conservative  (over  predicted)  estimate  of  impact. 

The  area  source  algorithm  in  ISC2  models  total  emissions  from  a given  area  emission  source  as  if 
occurring  from  a line  source  located  at  the  leading  edge  of  the  area  (closest  to  the  receptor  of 
interest).  The  effect  of  this  approximation  is  readily  seen  in  model  predictions:  for  a given 
downwind  receptor,  the  model  predicts  higher  concentrations  when  the  area  source  is  represented 
by  a single  large  area  than  when  the  area  is  represented  by  a conglomeration  of  smaller  squares 
that  total  to  the  same  overall  area.  This  is  because  the  majority  of  emissions  from  the  single 
source  are  seen  by  the  model  as  physically  closer  to  the  receptor.  Mathematically,  the  optimal 
way  to  assign  the  area  source  inputs  to  the  model  would  be  to  input  an  infinite  number  of  sources 
(with  each  source  thereby  essentially  representing  a point),  thus  describing  the  actual  physical 
situation  exactly  and  eliminating  the  effect  of  this  internal  model  approximation.  In  practice,  this 
is  impossible,  and  the  user  makes  a reasonable  approximation  of  the  total  area  by  representing  it 
as  a finite  and  manageable  number  of  smaller  areas  as  input  to  the  model.  The  source  input  data 
specification  used  in  this  analysis  was  designed  to  provide  conservative  results  based  on 
representation  of  each  parking  lot  as  a conglomeration  of  a relatively  small  number  of  individual 
area  sources. 

5.6.9  Impact  Estimation 

The  worst-case  1 -hour  average  CO  concentration  was  estimated  for  each  parking  lot/alternative 
combination  by  adding  the  highest  predicted  1-hour  average  concentration  to  the  1998  1-hour 
average  CO  background  level  of  8.6  ppm  (see  Section  5.3).  The  result  is  the  worst-case 
cumulative  1-hour  average  CO  concentration.  The  B ART-specific  or  net  impact  is  assumed 
equal  to  the  cumulative  result,  since  all  traffic  at  new  BART  station  parking  areas  is  assumed  to 
be  project-related. 

The  worst-case  8-hour  average  CO  concentration  was  estimated  for  each  parking  lot/alternative 
combination  by  adding  the  highest  predicted  8-hour  average  concentration  to  the  1998  8-hour 
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average  CO  background  level  of  3.5  ppm  (see  Section  5.3).  The  result  is  the  worst-case 
cumulative  8-hour  average  CO  concentration.  The  BART-specific  or  net  impact  is  assumed 
equal  to  the  cumulative  result,  since  all  traffic  at  new  BART  station  parking  areas  is  assumed  to 
be  project-related. 


5.7  Results 

This  section  presents  the  results  of  the  microscale  CO  analysis  at  roadway  intersections  and  at 
BART  parking  areas. 

5.7.1  Intersection  Analysis 

Tables  5-10,  5-11,5-12,  and  5-13  show  the  predicted  worst-case  cumulative  1-hour  and  8-hour 
average  CO  concentrations  at  roadway  intersections  under  each  BART  alternative  in  calendar 
years  1993,  1998,  2000,  and  2010,  respectively.  As  defined  in  Section  5.5.8,  cumulative 
concentrations  represent  the  ambient,  or  background,  CO  concentration  plus  the  predicted 
contribution  from  normal  background  traffic  and  from  BART-specific  traffic.  These  results  must 
be  considered  to  be  a worst-case  prediction,  given  the  conservative  nature  of  the  modeling 
approach.  For  comparison,  the  federal  and  California  ambient  air  quality  standards  for  CO  are  9 
and  9.0  ppm  (8-hour  average)  and  35  and  20  ppm  (1-hour  average),  respectively.  Cumulative 
impacts  for  the  1998,  2000,  and  2010  forecast  years,  in  which  the  BART  extension  is  proposed  to 
actually  be  in  service,  are  not  predicted  to  exceed  the  air  quality  standards  at  any  location. 

For  a given  intersection,  BART  alternative,  and  forecast  year,  net  impact  was  defined  in  Section 
5.5.8  as  the  highest  predicted  curbside  CO  concentration  less  the  CO  concentration  under  the 
TSM  Alternative  at  the  same  receptor  location,  plus  the  year-specific  background  concentration. 
Worst-case  net  1-hour  and  8-hour  average  CO  impacts  are  included  in  the  DEIR/Technical 
Appendix,  and  have  not  been  repeated  here. 

Analysis  of  the  significance  of  these  results  in  the  NEPA/CEQA  framework  is  also  included  in 
the  DEIR/Technical  Appendix,  and  is  not  appropriate  for  inclusion  in  this  technical  report. 

5.7.2  Parking  Lot  Analysis 

Table  5-14  shows  the  predicted  1998  worst-case  cumulative  1-hour  average  and  8-hr  average  CO 
concentrations  for  each  parking  lot  evaluated.  BART-specific  or  net  concentrations  are  assumed 
equal  to  the  cumulative  concentrations,  since  all  BART  parking  area  traffic  can  reasonably  be 
assumed  to  be  B ART-related.  CO  impacts  in  1998  at  other  BART  parking  lots  in  the  area 
substantially  affected  by  the  project  are  not  expected  to  exceed  these  values,  as  discussed  earlier. 
Neither  are  impacts  in  other  analysis  years  expected  to  exceed  these  worst-case  estimates. 

5.7.3  Conformity  Discussion 

The  applicability  of  EPA  and  MTC  air  conformity  criteria  and  requirements  for  projects  was 
discussed  in  Section  2 of  this  technical  report.  In  summary,  the  applicable  MTC  Resolution 
No.  2270  criteria  for  air  conformity  for  this  project  are: 

• the  project  must  be  included  in  a plan  or  program  (i.e.,  a TIP  or  RTP)  that  has  been  found 
to  conform; 
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• the  project  must  eliminate,  or  reduce  the  severity  and  number  of,  violations  of  the  CO 
standard  in  the  area  substantially  affected  by  the  project;  and 

• the  project  must  be  consistent  with  the  1982  Plan. 

The  currently  applicable  EPA  conformity  criteria  echo  those  in  MTC  Resolution  No.  2270.  The 
following  are  applicable  EPA  conformity  requirements: 

• The  project  must  come  from  a conforming  transportation  plan  and  program  (i.e.,  a TIP 
and  RTP  that  have  been  found  to  conform);  and 

• The  project  must  eliminate,  or  reduce  the  severity  and  number  of,  localized  violations  of 
the  CO  ambient  air  quality  standard  in  the  area  substantially  affected  by  the  project. 
Microscale  CO  analysis  must  be  completed  using  EPA-recommended  air  quality  models 
and  procedures. 

The  MTC,  in  conjunction  with  the  federal  Department  of  Transportation  and  the  EPA,  made  a 
formal  joint  conformity  determination  for  the  current  local  TIP  and  RTP,  and  found  that  those 
documents  conform  to  the  1982  Plan  (MTC  1992).  The  proposed  project  is  included  in  the  TIP 
and  RTP,  and  thus  satisfies  the  first  criterion. 

Based  on  written  policy  positions  included  in  MTC  (1992c)  and  EPA  (58  CFR  228)  conformity 
language  and/or  guidance,  if  there  are  predicted  exceedances  of  the  CO  air  quality  standards 
under  the  no-build  scenario  for  a project  and  no  predicted  exceedances  under  the  build 
scenario(s),  then  the  project  may  be  found  to  satisfy  the  second  criterion  of  eliminating  or 
reducing  the  number  and  severity  of  violations  of  the  CO  ambient  air  quality  standard  in  the  area 
substantially  affected  by  the  project.  That  project  conformity  criterion  is  common  to  the  EPA 
and  MTC  requirements.  The  proposed  project  and  all  other  BART  build  alternatives  satisfy  this 
criterion,  based  on  the  results  of  the  microscale  CO  impact  analysis  completed  for  the  project  and 
presented  above. 

Lastly,  this  air  quality  impact  analysis  addresses  the  conformity  assessment  procedures  required 
by  the  MTC  for  affected  transportation  projects.  In  conforming  to  the  1982  Plan,  and  in  meeting 
the  first  two  MTC  conformity  criteria,  it  is  the  position  of  BART  that  the  project  satisfies  the 
MTC  final  applicable  conformity  criteria. 

BART,  the  MTC,  and  the  FTA  will  make  the  formal  conformity  determination  for  this  project; 
therefore  the  criteria  for  the  conformity  determination  itself  are  not  germane  to  this  discussion. 
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Attachment  A 
Construction  Fleet  Data 


Attachment  3-A  - Construction  Equipment  Emissions  Backup  Data 


BATC  Appendix  Reference 

Alternative 

Appendix  F-l 
Appendix  F-2 

Proposed  Project-Locally  Perferred  Alternative 
1-380  Least-Cost  Design  Option 

NA 

Alternative  I-  No  Project 

NA 

Alternative  II-Transportation  System  Management 

Appendix  F-3 

Alternative  III-BART  to  Airport  Intermodal  (Base  Case) 

Appendix  F-4 
Appendix  F-5 

Alternative  IV-Airport  Aerial  East  of  Highway  101 
Alternative  IV-Airport  Aerial  East  of  Highway  101 
With  San  Bruno  Aerial  Station 

Appendix  F-6 
Appendix  F-7 
Appendix  F-8 
Appendix  F-9 
Appendix  F-10 
Appendix  F-l  1 
Appendix  F-l 2 

Alternative  V-Minimum  Length  Subway  to  Millbrae 
Alternative  V-Minimum  Length(w/I-380  Station) 
Alternative  V-Minimum  Length(w/downtown  Station) 
Alternative  V-a  Minimum  Length  Subway  to  Airport 
Alternative  V-a  Minimum  Length  to  Airport(w/I-380) 
Alternative  V-b  Minimum  Length  Subway  to  San  Bruno 
Alternative  V-b  (with  Downtown  San  Bruno) 
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Attachment  B 

Regional  VMT  Data  and  Mileage 
Growth  Factors 


MIC 

memorandum 


TO:  Greg  Noblet,  OGDEN  Environmental 

FROM:  Miguel  Iglesias,  MTC 

RE. : BART-SFO  VMT  ESTIMATES 


JOSEPH  P.  BORT  METROCENTER 
101  EIGHTH  STREET 
OAKLAND,  CA  94607-4700 
510/464-7700-TDD/TTY  510/464-7769 
FAX  510/464-7648 


October  18,  1993 


Here  are  the  regional  VMT  estimates  you  requested  (also  included 
is  VHT,  in  case  you  need  it) : 


Alternative: 

VMT 

VHT 

1990  No-Action 

8,472,007 

329,913 

1990  LPA 

8,442,891 

328,013 

2010  No-Action 

10,364,797 

512,133 

2010  LPA 

10,332,100 

505,188 

2010  TSM 

10,318,345 

503,104 

cc:  CPurvis,  RWest 


PARSONS  BRINCKERHOFF 


No.  1368  P.  2/3 


Pereene  303  Second  Street 

Brine*  erhoff  Suite  700  North 


December  8,  1993 


Sen  FrandSCO,  CA  94107-1317 

415-243-4600 

Fax;  415-243-9501 


Rod  Jeung 

Ogden  Environmental 

221  Main  Street,  Suite  1400 

San  Francisco,  CA  94105 

Subject:  BART-SFO  RDEIR 


Growth  factors  for  use  in  deriving  volumes  and  VMT 
for  intermediate  years. 


Dear  Mi 

As  requested,  please  find  attached  Parsons  Brinckerhof f 's 
estimated  for  the  amount  of  growth  to  assume  for  each  of  the 
three  intermediate  years  (1993,  1998,  and  2000).  These 
growth  factors  should  be  used  to  derive  travel  volumes  and 
VMT. 

The  percentages  shown  represent  the  amount  of  the  total  1990 
to  2010  growth  that  should  be  applied  to  each  year.  They  do 
not  represent  the  gross  total  growth.  Thus,  for  instance, 
the  100  percent  shown  for  2010  indicates  that  100  percent  of 
the  growth  between  1990  and  2010  has  occurred  by  2010,  not 
that  there  is  actually  a 100  percent  growth  in  travel. 

Please  call  at  your  convenience  if  you  have  any  questions  on 
this  matter. 

Thank  you. 


PARSONS  BRINCKERHOFF  QUADE  & DOUGLAS,  INC. 


cc:  Alan  Lee,  BART 

Tom  Lu,  PBQ&D 
Ross  Maxwell,  PBQ&D 


Over  • Century  of 
Engineering  Excellence 


Respectfully 


Gregory  L.  Kipp 
Senior  Transportation  Planner 


Dec.  8.1  993  4:16PM  PARSONS  BRINCKERHOFF 


No.  1368  P.  3/3 


BART-SFO  RDEIR  12/08/93 
GROWTH  FACTORS  TO  DERIVE  TRAFFIC  VOLUMES /MILEAGE  PBQ&D 
FOR  EACH  PROJECT  ANALYSIS  YEAR 

STUDY  AREA  TRIP  PATTERNS  PERCENT  OF 


TOTAL  GROWTH 


YEAR 

I-I 

I-X 

X-I 

X-X 

TOTAL  1990-2010 

1990 

932,151 

306,882 

312,279 

14,247,675 

15,798,987 

0.00% 

1993 

972,593 

318,273 

318,371 

14,954,586 

16,563,823 

17.35% 

1998 

1,042,998 

332,775 

333,837 

16,749,309 

18,458,920 

60.33% 

2000 

1,067,369 

337,795 

339,191 

17,370,560 

19,114,914 

75.20% 

2010 

1,107,987 

346,161 

348,114 

18,405,977 

20,208,239 

100.00% 

LEGEND 

I-I 

Internal 

to 

Internal 

trips 

I-X 

Internal 

to 

External 

trips 

X-I 

External 

to 

Internal 

trips 

X-X 

External 

to 

External 

trips 

NOTES 

1990  and  2010  volumes  from  MTC  trip  tables. 

Intermediate  year  volumes  based  on  ABAG  projections  provided 
for  5-year  intervals,  plus  field  traffic  counts  for  1993. 


Attachment  C 

Top  20  Roadway  Intersections  by 
EPA  Ranking  Procedure 
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I JET  Korve 
I m Engineering 


memorandum 


TO: 

FROM: 

DATE; 


Carolyn  Atwoo^ 
Luba  Wyznyckyj, 
April  12,  1994 


Ogdon 

KORVE 


SUBJECT : BART-SFO:  Intersection  Ranking  for  AQ  Analysis 


194018X0 


Initial  results  of  the  Intersection  ranking  tor  1998  AM  and  PM  peak  hour  conditions  for  the  six 
project  alternatives.  A formal  memo  will  be  transmitted  to  you  before  the  end  of  the  week. 

1 . We  ranked  all  of  the  Intersections  based  on  1 998  total  volumes,  and  summarized  the  top 
20  intersections  for  each  alternative. 

2.  We  Inserted  the  LOS  and  v/c  ratio  for  each  Intersection,  and  highlighted  In  bold  the 
Intersections  with  the  highest  v/c  ratios. 

3.  The  existing  air  quality  analysis  Intersections  were  shaded  in. 

As  per  the  criteria  In  the  Section  3 - Intersection  Selection  Procedure,  the  top  three  Intersections 
with  the  highest  volumes,  and  the  top  three  Intersections  with  the  highest  v/c  ratiO/LOS  for  each 
analysis  alternative  have  been  Included  in  your  list  of  analysis  Intersections. 

A. 

| The  one  unsignalized  Intersection  (#31)  in  the  list  of  20,  indicates  a LOS  E for  the  left  turn  onto 
i the  minor  street.  I don't  think  that  this  intersection  is  critical,  as  the  through  movements  operate 
• \ at  acceptable  levels. 


P0 


INTERSECTION  RANWNG  (1©9B  Condition*) 
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April  12,  1994 


Attachment  D 


Alternative-specific  Intersection 
Traffic  and  Geometry  Conditions 


Table  D-l 

Proposed  Project  - Locally  Preferred  Alternative  tLPA) 
Intersection  Traffic  and  Geometry  Conditions 
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San  Mateo  Av.  San  Bruno  Av.  S 0.70  B 2,304  0.64  B 2,463  CAL3QHC  Huntington  Av.  - San  Bruno  Av. 

2nd  Av.  - San  Bruno  Av. 

San  Mateo  Av,  - Huntington  Av. 


Intersection  Traffic  and  Geometry  Conditions 
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Huntington  Av.  Sneath  Lrt.  A - A 911  - C 1,690  CALINE4  none 

El  Camino  Real  San  Bruno  Av.  S ? ? ? 0.74  C 4,523  CAL3QHC  none 

San  Mateo  Av,  San  Bruno  Av.  $ 0.61  B 2,132  0.63  B 2,396  CAL3QHC  Huntington  Av.  - San  Bruno  Av. 

2nd  Av.  - San  Bruno  Av. 

San  Mateo  Av.  - Huntington  Av. 
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Alternative  II  - Transportation  Systems  Management  (TSM) 
Intersection  Traffic  and  Geometry  Conditions 


San  Mateo  Av,  San  Bruno  Av.  S 0.63  B 2,207  0.66  B 2,470  CAL3QHC  Huntington  Av.  - San  Bruno  Av. 

2nd  Av.  - San  Bruno  Av. 

San  Mateo  Av.  - Huntington  Av. 


Alternative  II  - Transportation  Systems  Management  (TSM) 
Intersection  Traffic  anti  Geometry  Conditions 
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Table  D-4 

Alternative  111  - Bart  to  Airport  Intermodal  (Base  Case) 
Intersection  Traffic  and  Geometry  Conditions 
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Alternative  IV  - Airport  Aerial  East  of  Highway  101 
Intersection  Traffic  and  Geometry  Conditions 
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San  Mateo  Av.  San  Bruno  Av.  S 0.63  B 2,669  0.64  B 3,056  CAL3QHC  Huntington  Av.  - San  Bruno  Av.  San  Bruno  A v.  widened. 

2nd  Av.  - San  Bruno  Av. 

San  Mateo  Av.  - Huntington  Av. 
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Table  D-6 

Alternative  V - Minimum  Length  Subway  to  Millbrae  Intermodal 
Intersection  Traffic  and  Geometry  Conditions 
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4,015  0.70  B 4,876  CAL3QHC  none  Existing  geometry  assumed  in  1993; 

planned  improvements  incorporated  in 
1998,  2000,  and  2010. 


Alternative  V - Minimum  Length  Subway  to  Millhrae  Intcrmodal 
Intersection  Traffic  and  Geometry  Conditions 


volume)  critical  movement. 


Design  Option  V-B  - Minimum  Length  Subway  to  San  Bruno 
Intersection  Traffic  and  Geometry  Conditions 
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San  Mateo  Av,  San  Bruno  Av.  S 0.80  C 2,800  0.65  B 2,970  CAL3QHC  Huntington  Av.  - San  Bruno  Av.  San  Bruno  Av.  widened. 

2nd  Av.  - San  Bruno  Av. 

San  Mateo  Av.  - Huntington  Av. 


Desien  Option  V-B  - Minimum  Length  Subwav  to  San  Bru 
Intersection  Traffic  and  Geometry  Conditions 

1998  Peak-Hour  Traffic  Conditions 


Table  D-8 

Alternative  VI  - Millbrae  Avenue  via  the  Airport  International  Terminal 
Intersection  Traffic  and  Geometry  Conditions 
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San  Mateo  Av.  San  Bruno  Av.  S 0.73  C 2,576  0.59  A 2,644  CAL3QITC  Huntington  Av.  - San  Bruno  Av. 

2nd  Av.  - San  Bruno  Av. 

San  Mateo  Av.  - Huntington  Av. 
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